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. DNEUMOTHORAX THERAPY WITH SOME OBSERVATIONS ON
' THE_VALUE_OF SERTAL BLOOD EXAMINATIONS,
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PLEURISY WITH FEFFUSION COMPLICATING ARTIFICIAL

. PNEUMOTHORAX THERAPY WITH SOME OBSERVATIONS ON
THE VALUE OF SERIAL BLOOD EXAMINATIONS,

This thesis was undértakhn*during the writer's
term of office as Senior Resident Medical Officer at.
‘ Robroyston SanatqriunL

Its objegts were:4 ‘
(1). To determine the causation of pleural effusions
occurring during artificial pneumothorax treatment and
to discover the percentage in which tubercle bacilli
could be demonstrated. |
(2). To note what changes occurred in the erythrocyte
sedimentation rate and in the leucocyte count preceding
the onset of a pleural effusion, and to noﬁe whether or
not these changes gave any indication of the type of
effusion which might arise,
CS). ' To observe what changes occurred in the erythrocyte
sedimentation rate and leucocyte counts during the course
of the effusion, and to note whether any indicatiom of
change in the character of the fluid was reflected
by changes.in the Dbdlood.

Fifty patients were studied in detail. As
only a percentage of these developed an effusion, the

first object was more amply demonstrated by including
a further series of twenty-five patients who had
developed/



developed fluid during their treatment.

INTRODUCTION.

It would seem pertinent to give first a
short review of the history of artificial pneumothorax.

Tne earliest record of introduction of air
into the chest as a therapeutic measure is found in
the writings of Hippocrates,who stated that "air may
be introduced into the chest through a wound or an
incision of the chest wall for empyema." Krause, who
unearthed this interesting writing, believed this
therapeutic measure was actively practised as early
as the fourth century B.C.

There is no evidence that artificial
pneumothorax treatment was used during the following
two thousand years. About 1774, Bourru of Paris
conceiéed the idea of compressing the lung artificially
in pulmonary tuberculdsis. It was not until the
nineteenth century, namely in 1882, that ﬁritings
first appeared in England. Tneée came from the pen
of James Carson of Liverpool, and to him belongs the
credit of observing the phenomenon of lung elasticity
with the thorax open. He proposed that cavities
could be closed by the introduction of air into the
thorax, thus overcoming thelelasticity of the lung,

and he made several attempts to do this on human

subjects/



subjects.

Carson's work was not regarded favourably
and it was not until Forlanini of Italy published his
results that artificial pneumothorax really came to
be recognised as & therapeutic measure. Forlanini
introduced nitrogen into the pleural cavity by means
of a_thin hollow needle. He gave small amounts of
gas frequently, treating at first the simple cases,
but subsequently he used this teéhnique in severe and
complicated cases of pulmonary tuberculosis. About
1890, other‘writers, inclhding S. Riva-Rocci, Cavallero
and Potain, published papers on artificial pneumothorax
therapy. John B, Murphy of Chicago developed a
technique similar to that o6f Forlanini, but quits
independently, and he published his works about 1898.
He hoped not only to close cavities but to cure early
cases of pulmonary tuberculosis by artificial
pneumothorax. Murphy used much larger amounts of
gas -~ up to 3000 ce., and refilled his patients at
intervals of six to ten weeks, introducing the gas
by trocar and cannula, Lemke, an associate of Murphy,
continued the latter's work until his death in 1906,
when this method of treatment fell ihto disuse in
the United States of America for a number of years,

Brauer of Germany revived artificial

pneumothorax/
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pneumothorax treatment and published his findings
in 1906, He differed from Forlanini in that he
introduged air through an incision parallel to
the ribs. Saugman, a Pane, devised the water
manometer in 1907 for measuring intrapleural pressure,
thus minimising the danger of the operation,
The idea of selective collapse , in contrast to complete
'collapse; was promulgated separately in the writings of
Morgan of England and Ascoll of Germany in 1912,

| VBefween 1909 and 1912 artificial pneumothorax
therapy was again used as a form of treatment in
puimonary tuberculosis in the United States of Americs.
Since that time’artiricial pnetmothorax therapy has been
used widely throughout the world and in Britain the
names of Riviere, Pearson, Burrell, Chandler and Davies
are familiar to all who study thils subject.

This summary of the history of artificial

pneumothorax the?apy is taken mainly from the writings
of Packard, Hayes and Blanchet; (1). |

i



ANATOMY AND PHYSIOLOGY.

The Anatomy of the Pleura.
The pleura (wievparside of the body or

rib) or "innermost skin" of the thorax was first
referred to in the English language by Power in
1664. The o0ld anatomists such as Sylvius and Galen
had long before described both the pleura and the
mediastinum, (Gloyne, (2). ).

Each lung is invested by pleura which
is in the form of a closed invaginated sac. The
portion of it covering the lung surface and lining
the fissures between the lobes of the lung is
termed the visceral pleura,while that covering the
inger aspect of the chest wall, part of the
diaphragm, and mediastinum is termed parietal.

The visceral and parietal pleurae are continuous
with each other around and below the lung root,
the double layer below the root being known as
the pulmonary ligament. The latter is continuoﬁs
above with the tube investing the lung root and
below it ends in a free falciform border. In
health, the visceral and parietal pleurae are in
contact, but the potential space between them is
called the pleural cavity; it normally contains
a small quantity of thin serous fluid. In man,

the/



the right and the left pleural sacs do not
communicate although they atre in contact for
a short distance behind the ubper half of

the body of the sternum. The right pleural
ga¢ 15 wider than the left because of the
position of the heart; the upper and lower
limits of the sacs are approximately the same
on either side, but sometimes the left sac
descends to a lower 1evei in the mid-axillary

line than does the right.

The Visceral Pleura,

o fhe viscéral or pulmonary pleura
is inseparably connected with the lung, covering
- the whole of its surface except where the structures
of the lung root enter the lung and along the
-attachment of the pulmonary ligament.
The Parietal Pleura.

The parietal pleura is one continuous
membrane but different portions of it feceive
characteristic names according to the structure on
which they lie. |
(1) The costal pleura lines the ribs and'the

intercostal muscles. Anteriorly, it begins behind
the stermum, the line of junction of mediastinal

with/
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with the costal pleuré extending downwards, from the
sterno-clavicular joint, and medially, to a point
in the midline behind the sternal angle., From
this point the costal pleurae descend in contaect
with each othef to the level of the fourth costal
cartilage; thereafter they diverge, that on the
right side passing down to the posterlor surface

of the xiphisternal joint. From here 1t sweeps
downwards and backwards behind the seventh costal
cartilage, reaches the mid-axillary line at the
level of the tenth rib, then ascending slightly,
erosses the twelfth and reaches to the level of the
spine of the twelfth thoracic vertebra, On the
left side the costal pleura diverges laterally at
the level of thefourth costal cartilage and descends
closé to the margin of the sternum to the sixth
costal cartilage, Its line then follows the
aaeending part of the costal cartilage as it passes
downwards, the remainder of its course being similar
to that on the right side, except that it may extend
slightly lower, A

(2) The dlsphragmatic pleura is continudus above
on the outer part of its circumference with the
costal pleura along the lines deseribed., Medially,
it is continuous with the mediastinal pleura along
the/



the line of attachment of the pericardium to the
diaphiagm. Below, it covers the upper surface
of‘thevcorresponding side of the diaphragnm.

(3) The cervical pleura covers the apex of the

lung and ie the upward continuation of the costal
pleura., It extends upwards from the inner border
of the first rib, to the lung apex, its summit
reaching the lower edge of the neck of the first
rib. From here it descends along the side of the
trachea to meet the mediastinal pleura. It is
strengthened above by Sibson's Fascia.

(4) ©Tne mediastinal pleura forms the lateral

boundary of the mediastinum, and above the lung
root it is & continuous sheet between the vertebdbral
column and the sternum. It is continuous with the
visceral pleura at the lung root, and below, it
takes part in the formation of the pulmonary
ligament.

In two situations on either side, the
lung does not wholly f£ill the pleural cavity. The
first site is between the diaphragm and the inferior
border of the lung, the potential space between
the pleural layers here, being referred to as the
costo-phrenic sinus. The second site lies between
the sternum and rid cartilages where the anterior

marginy/
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margin of the lung lies short of the line of pleural
reflection; the potential space here is called the

eostd-mediastinal sinus, (Gray. 3).

Histologz.

The pleura is covered on its surface by
a single layer of flattened nucleated endothelial
cells résting on a basement membrane. Reneath the
basement membrane lie networks of yellow elastie

and white fibres imbedded in a ground substance

containing also connective tissue cells. The elastic

fibres run in an irregular network in all directions
- longitudinal, transverse and oblique, some being
continued to the walls‘of the sub-pleural lymphatics,
(Gray. 3). |
The elastic tissue of the visceral pleura
surrounds the lung in a network, being connected
with two other divisions of the pulmonary
elastic tissue,
(1) fibres in the wails of the arteries
and veins.
(2) fibres in the walls of the bronchioles.
The unity of the elastic tissue of visceral pleura
and lung is important in pulmonary contraction,
(Gloyne. 2).
The/
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The Blood Suppyzg

- This is derived from @ortic intercostal,
intarnal-mammary,~phren1§, inferior thyroid, thymie,
pericardial and bronchial arteries. Three plexuses
'_exiétx- ‘

(1) beneath the visceral pleura; this being
derived from the bronchial arteries,

(2) Dbeneath the costal pleura; this being
derived from the arteries of the thoracic
wall, v

(3) in the subpleural connective tissue of the
mediastinumg  this being derived from
the bronchial and internal mammary arteries,

The veins correspond closely to the arteries,

(Gloynez).

The Nerve Supply.
These are the intercostal nerves, the phrenic
and sympathetic mnerves, Capsulated and non-capsulated

nerve ondings are deseribed in the pleura, (Gloyne 2).

The Lymphaties,

| Miller (4), quotes Sappey, who desoribes
the visceral pleural lymphaties as béing arranged in
the form of irregular polyhedral rings, and he states
that "only a single plexus.exists in the pleura,"
Valves/ |



-]ll-

Valves are abundant, but as the pleural lymphatics
communicate very freely they all readily fill with
any injection mass. These valves, however, prevent
the injected material from passing into the deep
lympratics of the lung. The pleural lymphatics, on
uniting, form several trunks which drain into the
hilar lymph nodes, the valves in these trunks
pointing towards the hilum. The parietal pleura's
lymphatics drain in three directions:-
(1) +the costal to the intercostal glands.
(2) the diaphragmatic to the diaphragmatic lymph
plexus.
(3) the mediastinal to the posterior mediastinal
glands. |

Nearly all the parietal pleursa's efferent vessels drain
into the superior vena cava without first passing
through the hilar glands. Gloyne (2), étates that
this may be of significance in the drainage of fluids
from the pleural cavity.

It may be worth noting that a layer of
‘endothelium exists between the lymph vessels and the
lymph space in the pleura, this acting as a line of
defence, but also as an obstacle to treatment by

chemotherapy,(Gloyne 2.).
The/
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The Physiology of the Pleura,

All the respiratory movements of the lungv
affeet the pleura. Only two of the latter's surfaces
move to any extent, the costal surface and the diaphrag-
matic surface, (Gloyne 2),

The intrapleural pressure is not properly
understood . In health, 1t varies between -4cm, of
water at full expiration, to =~1lOcm, of water at full
inspiration, these negative pressures being due u
largely to the elastic recoil of the lung,(Packard,
Heyes and Blanchet,)q

In patients with pulmonary tuberculosis
in whom artificial pneumothorax therapy is employed,
the intrapleural pressure varies considerably and
depends on many factors, such as posture, the amount
of air in the pleural cavity, and the: state of the med-
l1astinum, of the pleura and of the lungs,(l).

Alr in the Pleural Cavity.

When air is introduced into the pleural
cavity, it changes in volume and in composition, Its
volume first increases because body temperature 1is
higher than room temperature .and the intrapleufal |
pressure is less than'atmospheric pressure generally,
- Hence new partial pressures are established for the

various/
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vdrious constituents of the air introduced, and as
théSé differ from the partial pressure of oiygen,
nitrogen, and.carbon dioxide in the blood, diffusion
occurs, Carbon dioxide flows from the blood to

the pleursl cavity at first, Next, oxygen is absorbed
into the blood,'and, as this proceeds, the partial
pressure of nitrogen in the pleural sac gradually

- becomes higher than that in the blood and it too
passes into the blodd stream. This, in turn, leéds
to a raised partial pressure of oxygen and carbon
dioxide in the pleural space and these geses again
diffuse into the blood stream. The process will
continue till all the air is absorbed. Five hundred
cubic centimetres of air can Be absorbed completely
in one week when the visceral énd parietal pleurae

are normal, (1).

Fluid in the pleural cavity.

| As pleural effusions all have some
pathological basis, their causation will not be
considered here. The mechanism of their resorption
may, however, be discussed now.

The earliest worker who observed the

resorptive processes of the pleura was Dybkowsky
who, in 1866, injected various substances into the

pleural/
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pleural cavities in animals, according to Finner,
Moerke and Saley (5). Wright (6) notes that
isotonic saline introduéed intd the pleural sac
is quickly absorbed, Ligature of thoracic and
right lymph ducts does not affect the rate of
absorption from the pleural sac, the fluid
absorbed passing chiefly into the blood stream.
Proof of this is found if indigo-carmine is
dissolved in saline and injected into the pleural
sac,’ It appears in the urine in five minutes but
only after half an hour in the thoraeic duct.
Lymphatic absorption is therefore only of secondary
importance.

Leathes and Starling, quoted by Pinner,
Moerke and Saley (5), state that the entire mechanism
of resorption of isotbnic, hypotonic and hypertonic
salt solutions can be explained by the assumption
that the pleura is a semi-permeable membrane which
offers greater resistance to thé passage of éalts
than to that of water. The same authors quote
Hamburger, who states that while materials injected
into the pleural cavity are being resorbed; there
simultaneously occurs an influx of substances from
the blood, Fe also found that an injected fluid

was/
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was first changed to isotonicity with blood serum
bvefore resorption. Ligstion of the thoracic duct
did not disturb this process, but ligation of the
renal arteries did, on account of the upset in
osmotic regulation.

Experiments by Pinner, Moerké and Saley
(5), using rabbits, confirmed the observation that
the pleura is permeable to the chemical constituents
of the blood, this permeability varying for different
substances. There is some doubt as to how the fluid
in the pleural cavity is absorbed once it has become
isotonic with the blood. Leathes and Starling (7).
demonstrated that substances in the pleural fluid
gradually pass into the blood, but that the solution
remains approximatiely isotonic due to the passage
of substences in the reverse direction. The final
balanced isotonic solution may be absorbed by the
lymphatics according to them. Cohnstein is quoted
by Cunningham (8), as expressing the view that after
a solution in the peritoneal cavity has reached
isotonicity with the blood, it is absorbed because of
a small amount of colloidal material in the blood
stream which cannot pass out of the latter. X
Cunningham (8), also quotes Hara who believes that

from/
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from his experiments using fluorescein as the dye

to be absorbed, the endothelial cells are themselves
active. Leathes and Starling (7), however, demonstrated
that on introducing sodium fluoride into the pleursal
cavity to destroy the endothelial cells, no alteration
in the rate of absorption of the solution was

ﬁroduc ed, They thus concluded that the endothelial

- cells exerted no influence on the absorption,

~ Cunningham (8) states, in conclusion, that
"from the more recent and more exact work, there
is a small part of the absorption which tskes place
from the serous cavities that cannot be explained
on the basis of the known laws of osmosis and

diffusion,.”

All these experiments take no aeccount of
the alteration in the permeability of the pleura which
is chronically inflamed, Accordingly, Pinner, Moerke
and Saley (5) undertook a detailed analysis of thirty-
twb‘pleural fluids removed from sikteen patients
. having artifiecial pneumothorax treatment. | Theilr results
indicated that the permeability of the pléura is
altéreq in such cases, During the acute stage of a

pleuritis/
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pléuritis,. pleural permeability is increased from
blood to plasma and vice versa, As the duration of
a pneumothorax increases, pleural permeability
diminishes. ' These findings are confirmed by those
of Mayer, Castaigne, Widal and Rivaut, Ramon and
Tourlet, Diest and Scheel. whose experiments they aquote.
Mayer also noted that substances injected into a
tuberculoué pleural cavity were absorbed less rapidly
than in cases in which a simple effusion was present,
this presumably being due to the barrier of flbrin and
tuberéuloug granulation tissue present., All these findings
do not explain why a long standing effusion ﬁay be
resorbed; |

These observations on the physiology of
pleural effusions will be of interest when the behaviour
of effusions deveibping in ﬁhe‘writer's series of

cases is sﬁbsequently cbnsidered.
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Deseription of Methods used in the Investigation

of & Patient, - :
On secount of the fact that not a fow

artificial pneumothoraces are abandoned in the first
fow weeks following their induetion, it was thought
advisable to begin the investigation of each patient
two or three weeks after the commencement 6f'

- pneumothorax therapy. By this time, one might be
fairly certain yhether this particular form of
treatment would be continued,

A detailed history of each patient was

" taken and the c¢clinical findings prior to the induetion
of the pneumothorax noted, Records were made of all
X-ray reports, the films having been read ﬁy an expert
radiologist. Hotes were kept of any ancillary methods
of treatment employed, Clinical examination of each
patient was carried out every two to three weeks and

was supplemented by weekly.or fortniéhtly fluoroscopiec
examinations, It was unfortunately not found possible
to make more frequent fiuoroseopic examinations on

_account of the routine examination of other patients
in the hospital. The patients were followed up after

discharge, at first, at intervals of one month, and
latér; at intervals of two months, They were instructed
to report back immediately if fluid were diseovered

at/ |
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at the Tuberculosis Giinic whicﬁ they attended as
out-patients for refills,

Examination of the blood was performed
"usually at intervals of a fortmight but fhis varied
considerably. If it were thought that a pleural
effusion was imminent, weekly blood examinations
wore the rule, In the later stages of treatment, monthly
examinations were performed,

’Samples of blood were taken by venepuncture
approximately at noon,’ Two cubic centimetres of blood
were withdrawn using only slight pressure to make the
arm veins prominent. 1.6603. of blood were then mixed
in a small tube with O.4cc, of 3.8% sodium citrate
solution, From the remaining O.4cc. a total white
blood cell couht was done and blood#films were made
by the coverslip method. At the initial.blood
examination, the haemogloblin percentage was estimated
using the Sahii instrument, and the total red cell
count estimated. lThé citrated blood was used to
estimate the erythrocyte’sedimentation rate by the
Westergren technique, all the estimations being
commenced within two hours of withdrawing the blood,

The reading at éne hour was ohserved.,  Four estimations
of the total white cell count were made and the average
figure used., From tﬁe blood films, whiéh were stained
by/ -
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by Leishman's stain, a differential count of two

hundred leucocytes was made. The vVon Bonsdorff

count wag also estimated by enumerating the lobes

of the nuclei of & hundred polymorphonuclear

leucocytes.

Tne Lymphocyte/Monocyte ratio wae

estimated from the differential count and Houghton's

Index calculated from the following formula: -

H.I.
V.B.
E.S.R.
P

M
L
E

=

V.B. - (E.S.R.+ (P+M)-2(L+E).),

Von Bonsdorff count.

Erythrocyte Sedimentation Rate reading
at one hour.

Polymorphonuclear leucocytes.
Monocytes.

Lymphocytes

Eosinophils.

The total number of blood examinations performed was

one thousand and sixty-two.

The examination of a pleural effusion was

made as soon after its discovery as possible. The

fluid was collected in a sterile six ounce bottle

containing on#e ounce of 1.5% sodium citrate solution,

previously autoclaved, a few cubic centimetres were

collected in a sterile test-tube and the remainder in

a clean urine glass. The fluid in the six ounce bottle

was centrifuged in sterile centrifuge tubes and from

the/
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the sediment smears were pade. Some were stained

by the Ziehl-Neelsen method for tubercle bacilli,

while others were stained by Leishman's stain and

a differential cell count of two hundred cells was

made . If no tubercle bacilli were found on the
examination of direct smears, the sediment was treated
by the antiformin concentration method and further
f£1lms prepared. If tubercle bacilli were still not
found, a guinea-pig was inoculated subcutaneonsly

with some of the sediment suspended in normal saline,
Prom all the effusions a smear of tﬁe sediment was

made on Lowenstein's ﬁedium for the culture of tubercle
bacilli. From thé flui® contained in the test-tube

a smear was made and stained by Gram's method, a search
being made for organisms other than tubercle bacilli,
Six platinum loopfuls of the fluid were also transferred
Iinto glucose broth and this was incubated for twenty-four
hours and then examined for organisms. The fluid in
the .urine glass was used to estimate the specific gravity
by placing an ordinary urinometer 1in it. The protein
.content of the fluid was also estimated roughly, by
diluting one part of the fluld with nine parts of

water and setting up the mixture in an Esbach's
albuminometer. ° The water-fluid mixture was put into

the/



the tube up to the mark U and then Esbach's reagent
was added up to the mark R. The tube was corked,
inverted several times and allowed to stand for
twenty-four hours. The reading on the scale was
taken as the percentage of protein present, (Gloyne.
2. ) Rivalta's test as described by Gloyne (2),
waé also performed. This consists in adding two
drops of glacial acetic acid to one hundred cubic
centimetres of water in a tall cylinder and then
adding one drop of pleural fluid. When serossamucin,
a breakdown product of protein is present, & white
cloud follows in the wake of the descending drop of
fluid.

Subsequent exeminations of the pleural
effusion were made at intervals of two io three months
and in some patients more frequently.

In order to provide a reasonable number of
pleural effusions on which to base conclusions, ékseries
of examinations was made on pleural effusions developing
in the course of artificial pneumothorax therapy in
‘twenty-five paetients who had no other'special
investigations carried out. In all, effusions were
examined from fifty patients, the total number of fluid

examinations being one hundred and twenty-seven.
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The Aetiolo of Pleural Effusions arising in the
course ot Ir%ificial Pneumothorax Therapy.

The problem of the detiology of pleural
effusions occurring during artificial pneumothorax
thefapy has exercised the minds of many workers in
sanatoria, A considerable diversity of opinion is
found on examining the literature relating to this
subject, and it seemed to the writer that a
comprehensive clinical and laboratory study of an
adequate number of patients would be of value, not
only in elucidating the causes of such effusions,
but also in guiding the physician in his selection
‘of patients for pneumothorax therapy and his condﬁct
of their treatment.

Accordingly, fifty patients whose
pneumothoraces had recently been induced and were
likely to be mairtained, were selected at random

from among the hospital patients, for investigation.

As it was obvious that only a proportion of these |
patients would develop pleurél effusions, twenty-five
additional patients who had developed effusions during
-their treatment by artificial pneumothorax were also
incfuded in the investigation.

In order to have a standard for the comparison
of the.péiientsfin this series with those of other

workers, the National T:berculosis Association of



America Classification, as modified by Salkin and

Cadden (9) was adopted. The details of the unmodified

classification as described by Alexander (10), are

given below,

(1) Minimal Lesion.

: (a) Slight infiltration without demonstrable
excavation.
(b) A small part of one or both lungs - total
volume of involvement, regardless of distribution,
shall not exceed the equivalent of the volume of
lung tissue which lies above the second

“Ychrondrosternal junction and the spine of the

fburth or body of the fifth thoracic vertebra on
one side.

Symptoms.

(1) Slight or none.

(a) Slighf or no constitutional symptoms, including
particularly gastric or intestinal disturbance or
rapid loss-of weight, slight or no elevation of
temperature or acceleration of pulse at any time
during the twenty-four hours.

Expectoration usually small in amount or absent.

Tubercle bacilli may be present or absent.

(2) Moderate.

(b) No marked impairment of function, either local

or/
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or constitutional.

(3) Severe
(c) Marked impairment of function, local or
constitutional. "Local®" means marked dyspnoea
on exertion limiting seriously the patient's
activitieé. "Constitutional™ means marked

weakness, anorexia and tachycardia.

(2) Moderately Advanced Lesion.

 One or both lungs may be involved, but
the total involvement shall not exceed the following
limits:- ‘

(a) 8light disseminated infiltration or fibrosis
which may extend through not more than the
equivalent of the volume of one lung.

(v) Severe infiltration, with or without fibrosis,
which may extend through not more than the
equivalent of one third of the volume of_one
lung.

(¢) Any gradation within the above limits.

(d) Total diameter of cavities, if present, should

not exceaed four centimetres.

Symptons.
Classified under headings (A), (B), (C) as vefore.

(3)/



(3) Far Advanced Lesion,

| A lesion more extensive than classified
nnder Moderately Advanced or definite evidence of
greater cavity formation.
Sxmgtoms. _
Classified under headings (A), (B), (C) as before.
Salkin and Cadden's Modification of the Far Advanced

group is as follows:-

I ' 11 I1I V. A

One 1un§, "| Moderate.|Far, Far; Par, Far,

Other lung.|Moderate.|Clesar, Minimal, | Moderate.|Far.

Their sub-division of the minimal and
moderately advanced groups wds not employed in this
investigation. In addition to c¢lassifying the present
sefies of patlents according to the scheme set out above,
the writer has appended, in Table 1; the type of
tuberculous disease predominating in each individual
patient. |

During the ecourse of artificial pneumothorax
treatment, several patients developed small collections
of fluid in the pleural space, insufficient to cover
the diaphragm, These were transitory, did not affect

~the breatment in any way, and will be considered

separately/.
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separately. Dumarest, quoted by Packard, Hayes
_and Blanchet (1), believes that they are benign and
similar to a "transudate ex vacuo." Accordingly,

such patients have been classified under Group X,

‘i.e. those patients in whom no effusion occurred,
group Y includes the patients who developed an
effusion while under observation, and Group Z

refers to those patients, twenty-five in number,

whose pleural effusion was examined in order
to supplement the findings obtained from the
study of the fifty patients comprising groups
X and Y. |
It will be of interest to study first
~the classification of the patients in the three
k‘gréups referred to in the preceding paragraph. No
patient had a minimal lesion, the bulk of patients
in Robroyston Sanatorium bPeing advanced in their
disease. The symptom grouping according to the
scheme outlined, and also the type of disease present,
will be recorded in tebles 1, 2.and 3. The |
numbering of the patients is according to the
chronological order in which they were studied.
‘Psbles 1, 2 and 3 will be found in the following

pages.



TABLE I,  GROUP X.
| No.and ‘Sex. Moderately Advanced. Far Advanced.
Initials;
l.gﬁ.W. . 1.B.Fibrocaseous.
2. W.GQ. . 1V. B, Fibrocaseous.
8. C.McD} F. I11.C.Caseo-cavernous
11. J.H. M. | 4. Fibrocaseous.
12. W.d. M. III.B.Fibrocavernous,
IT6. 2.8. | F. | B.Caseo-cavernous.
17. H.G. M III.B.Fibrocaseous.
8. R.A. M. V.C.Fibrocavernoug
; .S W. | A.Fibrocaseous,
0. M. VcH. ¥. III.B.Caseo~cavernous
21, A.P. M. IV.B.Fibrocaseous.
M.McA] F. 1.B,Caseo-cavernou
C.C. F. | B.Fibrocaseous.
E.W, F. 1V.C.Caseo-cavernou
M.B. F. | B. Cascous.
P.McG| F. | B. Fibrocaseous.
'Jfff> ffﬁ B. Caseo-cavernous.
J.L. M. IV B.Caseo-cavern0u1
AV, F. III.B.Caseo—caverno%ﬂ
J.R. T. III.B.Caseo—cavernouﬂ
1. M.M. F. 11.C.Caseo-cavernou
gETTETﬁ. M. "IV.B.Caseo-cavernous
48, W.McM.| F. 1.B.Fibro-caseous.
A0, S M. F. . CaseoO-cavernous.
FF‘ER_"T T Caseous,
1
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TABLE I. GROUP Y.

No. and Sex. Moderately Advanced) Far Advanced,
Initials.
5. M.P. ~ | F. | B. Caseo-cavernous. ]
4, A.McN, | M, III.B.Fibrocaseous.
5. C.H. F. | B. Fibrocaseous,

6. M.Jd. F. II1.B.Caseo-cavernous,
%. A.McI. [ F. IV.C.Caseo-caverns.,
9, M.B. F. | B, Caseo-cavernous.
10.M,McA. . ITII.B.Fibro—-cavernous.
13.G.McC. | F. | B.Caseo-cavernous. |
14. E.S. F. | C.Caseo-cavernous, |
15. E.W. | F. TT C.Caseo-cavernous|
22. A.L. F. TT.C.Casso-cavernone]
23. MaB. F. Il.C.CaBeo~-cavernous,
[29. J.W, F. IV.C.Caseo—cavernous.
1. A.F. |F. IV.C.Caseo~cavernous,
32. A.K. F. 1V.C.Caseo-cavernous.
34, A.McN. |M. I1.C.Fibro-cavernous,
35. J.L. F. 1I.C.Caseo-cavernous,|

6. D.H. . V.C.Fibro-cavernous,|
39, M.F. |F. IV.C.Fibro-cavernous,|
40, MLM, F. V.C.Fibrocaseous,

42, M.W. F. ~1V.C.Caseo-cavernous.|
45, J.B. F. IV.C.Caseo-cavernous,
[z, M. T. F. 1V.C,.CaBseo-cavernous.
45. M.A. F. |A.Caseous. |
E/. JeB. ————

Ia. a. CHBGO-CBVGI'II ous,

ol
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TABLE I, GROUP, Z.
Fo. and | Sex, | Moderately Advanced Far Advanced,
Initials.|
1. AL, F. IV.B.Fibrocaseous.
2. M.B, | F. 1I.C.Caseo-cavernous)
tﬁ S.1. M. | B. Caseous.
4. C.C. F, III.C.Caseo~cavernous|
Ts-._ﬁ.L. M, IV.B.Fibrocaseous.
6. A.R. F. “1.C.Fibrocaseous.
7« C.McK.| F. IV.C.Caseo-cavernous,
8. J.H. F. II.C.CaBeo-cavernou
[0, H.McG.| F. |[C.Caseo-cavermous.

[To.M.w. [ F. iV.C.Fibro-cavernoag
11.A,H. | F. IV.B. Fibro-cavernous
12.1.M. M. IV.B.Fibro-cavernous|
13.4.8. F. IT.C.Caseo~cavernous,
14.R.H. F. |C.Caseo-cavernous
15.E.McC, | M. IV.C,Fibro-cavernou
|16.I.K. F. III.C.Fibro~-cavernous|
99902 O D PO ~IV.C,Fibro-cavernous
fi8.M.&. [ F. 11,B.Fibro-cavernow.
F. 111.C.Fibro-cavernous,
T T1.B.Caseo-cavernous.
F. IV.C.Fibro-caseous,
¥. IV.C.Caseo-cavernous.
F. IV.C.Caseo-cavernous.
M. . Fibro—-caseous.
F.

IC. Fibro-cavernous.
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TABLE 2.

CORRELATION OF PATIENT*S CLASSIFICATION,
Symptom Grouping and Type of Disease,

SUB-GROUPING OF

Group X. | Group Y. Group 2.
No. | %, No. | %, No.| %,
PModerately |
Advanced. 10. | 40. 3. | k0. 3, 20.
Far Advanced. 15. | 60. 20. | 80. 20, 80,
Symptom Group A. 301 12. 0. 0. 0. 0.
B. | I8. | 72. 8. | 92. 8. | 9.
C. 4. | 16, | 17, | 68, 17, 68,
[TYPE OF DISEASE. |
Caseous. 3. | 12, 0. 0. 1. 4,
caseo-cavernous, [ IL. | 44 [ 18, | 72 10. | 40.
Fibro-caseous. 9. | 36. 3. | 12. 5. 20.
Fibro-cavernous, 2. 8. 4. | 1e6. 9. 36.
TABLE 3.

FAR ADVANCED PATIENTS,

Group X. Group Y. Group 2,
No, 7 _B_QL Dy u. 9 o
#uh-group I. 3. 20. 0. 0. 1, S.
II. T, 7 5. | 20, 5. | 25.
III. 5, a0, 4, | 20, 3, [ 15.
IV. 5. | 50. 9. |45, 11, | s5.
V. 1. 7. 2. |10. 0. 0.
L

In the above tables the percentage is given to

the nearest whole number.

It/
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It will be seen from Tables 1, 2 and 3
that twenty per ceht more patients of both groups
Y and Z fall into the far advanced classification
than do those patients in Group X, in whom no
effusion appeared. Again, fifty-five percent. of
patients in Groups Y and Z fall into sub-groups IV
and V of 8alkin and Cadden's classification, whereas
only forty percent. of Group X fall into thess
sub-groups.
| Groups Y and Z manifest a preponderance of‘
patients with symptoms allocating them to symptom-group
C, sixty-eight percent., as compared with sixteen
percent. for the Group X patients in whom no effusion
occurred.

These findings suggest that the farther .the
disease has advanced in the lunés and the more severe
the impairment in funetion, although these do not
necessarily run parallel, as is well seen from Table
1, the more likely is a pleural effuéion to complicate
artificial pneumothorax therépy. .Many authors claim
that the more advanced the disease, the more likely
is an effusion to follow the institution of a
therapeutic pneumothorax; among such workers may be
mentioned Davies (11), Weinstein of Davos, quoted by

Burrell (12), Parfitt and Crombie (13), Rao (14),
Weisman (15), Frimodt-Mdller (16) and Nicklas (17).

Packard/ .
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Packard, Hayes and Blanchet (1) . state that
"the more active and acute the pulmonary lesion the
more frequent and the more sefious is the pleurisy."
“From Table 2, it is seen that by adding together the
percentages of patients having the more active types
of disease, Caseous, Caseo-cavernous and Fibro-caseous,
ninety-two per cent. occur in Group X, eighty-four
per cent. in Group Y, and sixty-four per cent. in Group
Z. It therefore follows that in this series of seventy-
five patients, although a high percentage of patients‘
developing a pleural effusion had an active and acute
lesion, it is important to realise that many patients
with similar lesions did not develop an effusion. This
.finding does not invalidate the statement quoted dut
indicates that it is mecessary to investigate tLhe
more thoroughly other cbntributory causes in patients
developing effusions. Many other workers have brought
forward evidence that the liability to effusion varies
with the intensity and acuteness of the'disease, €.8.
Van Muralt and Shortle quoted by Peters and Wooley (18),
Goorwitch (19), Nicklas (17), and Naveau quoted by
Packard, Hayes and Blanchet (1).

It may be concluded from the evidence

presented and from the findings of other workers that

the extent and acuteness of the pulmonary lesion have

a/
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a éonsiderable influence on the development of a
pleural étfusion once an artificial pneumothorax

is induced. This being so, it might be expected
that the degree of pleural involvement, especially
by recent tuberculous infiltration, would bear a
similar relationship to the incidence of effusions.
The means available for assessing pleural

involvement are:-

(1) The history in so far as it will indicate the
occurrence of previous pleurisy, though the writer
recognises that a large number of patients can be
found in any sanatorium in whom pleural adhesions

are proved to exist and who, in fact, had no positive
history of pleurisy; in Table 4 will be found the
duration of the patient's history‘from the onset of
illness and from the onset of an ipsilateral pleurisy,
should this have occurred.

(2) Skiagrams - if taken soon after the induction of
an artificial pneumothorax will show the actual

" existence of most adhesions.

(3) Thoracoscopy - which experience has shown adds to
the findings of the skiagrams, and further, gives visual
evidence of the presence of superficial tuberculous

nodules.
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IABLE 4. GROUP X

Yo. and Duratlon of Eiétory Ipsilateral pleurisy.
Initials.|before induction Duration in months
in months. between it and
#'v induction,
(1, H.W, 28,
2, W.G, i ‘11,
8, C.McD, 7o
(11.J.H, 7
12,W.J, 10,
16.2.B. 5%,
17.H.G,. 24,
| 18.R.A. 24,
19.W.S, 7 7,
20.M.McH. 11, 84,
21.A.P, 36, 36,
24 M.McA, 25
|25.c.C. _ 113,
26.E.W. 7. 7.
27.M.B, 11, : 2,
28,P.M0G. 7o 7
30.J.F, 7o
33.7.L, 18,
37.A.V, 5. 2;
38.0.R. | 4.
41.M.M, 5%. ‘ Ze
46 M.H, 12, 12,
48 .W.McM. 18, |
49.8.M, 3%. 35
50.E.R. 5% 4,
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TABLE 4, GROUP Y,
o. and Duration of history Ipsilateral pleurisy.
nitials.|before induction in|Duration in months between
— months, it _and induction.
M.P, 9. 9,
4, A.McN 6.
5. C.H. 9.
6. M.J. S. 5.
7. A.Mcl 12. 1z
9. M.B. 4, 1.
10. M.McA 30. 5.
13, G.McC 12
14.E.S. 10. 10.
[15. E.W. 12 3.
22. A.L. 5.
23. M. B. 7.
29. J. W, 18. 6.
[3T. Z. F. 5. 3.
32, A.K. 6.
7. 7.
2. 2,
33. 17,
4,
12,
10.
11. 60.
14,
3.
7.
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o

TABLE 4. GROUP 2,
[Fo. and | Duration of history |lpsilateral pleurisy.
Tnitials. | before induction in }[Duration in months betwee
months. it and induction, ‘
1 A.L. 3.
| TR 6. 6.
I5.5.1. 2. 2.
4. C.C. 2. 2.
5. R.L. 24.
6. A.R. 10.
[7. C.McK 10-
8. 3.0, T
3. H.Mca 10.
10. M. W. ey 1%.
11. A.H. 7.
1z. 1.1, 3.
13.A.5. 3,
12. R.H. 2,
15. E.McG 5. 5.
16.1.K. 1%, z,
TP 9.
18. M, 4. ER
19. M. A, 9.
20. H.A. 7, .
21.J.L. 9.
%, 5.9, 7B, ]
23. M.V, 6.
24 A.Y, 7%.
25. M.McA 3.
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TABLE  5a.
No. of patients and duration of ‘Percentage
Group. their history till induction of with history
' pneumothorax, under ly-,
0- - b} 6 - 919~ 12fover
7 |n I:'Iz FZI%TI?oneYﬁ.
x| 2 5 | 6 6 6 26
Y 1 8 5 7 4 84
Z 8 4 8 3 2 92
TABLE 5b.
No, of patients and duration of Fercentage
Grou their history from ipsilateral with history
p. pleurisy till induetion of under 1 yr.
‘ : pneumothorax
C - -616 - - 12] over
f% f% 12 |12 f% f% 12| e o
X 2 2 2 1 2 80
Y 6 .4 2 1 1 92
Z 4 3 1 0 0 100

It is evident from Tables 5a and 5b that the

duration of the patient's history, either from the onset

~of symptoms or from the occurrence of an ipsilateral

pleurisy, shows a marked tendency to be shorter in the

effusion groups thean in the dry group.




COMPLEXITY,
| Adhesions
Group. Cuttable |Uncuttable. | None (o
None.|Few.|Many} or (?) cut.
cuttable, '
X. 7%. 245 699 41%, 524, 7%
Y. 0%. 32%| 685 40%. 6044, 0%s.
z. | 4% | 1e5| son] 28, 68% 4%,

Table 6 was compiled on the basis of
thoracoscopic findings, where available, supplemented
by the examination of skiagrams. The results indicate
that a high percentage of all the pneumothoraces under
consideration were complicated by adhesions and that
in a majority of pneumothoraces in each group many
adhesions were present. A4lso, in those patients whko
developed a pleural effusion, the adhesions present
we;e uncuttable in a higher percentage than in Group X
whose patients remained free of fluid. It may be
deduced from these results that although the presence
of adhesions, especially of the more complex fypes,
bears a relation to the incidence of effusions, some
knowledge of their pathology and of that of the lung
adjacent to them is essential in order to explain
the high incidence of adhesions in the patients whose
pleural cavities remained dry. This can best be

'attained/
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attained in the living subject by means of the
thoracoscope.,. An analysis of the findings
obtained by such an examination will therefore
next be presented, It is unfortunate that many
pétients did not have a thoracoscopy performed,
‘but the findings available may shed some light

on the problem,

TABLE 7. SUMMARY OF THORACOSCOPIC FINDINGS,

|Group.|No. [Tubercles| Lung- Strings|Bands Number
) present, | containing|and and cut,
adhesions.|ecords, |curtains,
» N:O. %o No. %o . |No. %o No. %.
x. |13.] 4.|30. | 5. ]|3s. 3.]25.10.] 77, 8,
Y. |11.] 4.|36. | 5. [ss. 3.]27. ] 8.|73. B,
Z. 12,1 5.141. | 9. 75+ 3.125.1 92.]75. 7

(Percentage results are given to the nearest whole
number) .,

The figures and percentages given in the
preceding table are based on such a small number of
thoraéoscopic examinations in each group, that they
cannot have any great significance. Howevef, the

general trend-of the findings may be noted, Evidence
of subpleural involvement of the lung as shown by the

presence of visible tubercles is more frequent

in/
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in the effusion Groups Y and Z. These tubercles
are, in all probability, of recent origin for had
they appeared before the induction of a.pneumothorax,
pleural adhesions would have formed. The percentage
of the larger and more complex adhesions is much
the same in all groups, but in Group Z, the incidence
of lung-containing adhesions is much greater than in
either of the other groups. Thus it would appear
that the presence of recent sub-pleural lesions may
have some influence on the occurrence of effusions
and so also may the presence of lung in the pleural
adhesions. The lung tissue extending into such
adhesions will often be the seat of fuberculous
disease aﬁd therefore a potential source of tubercle
bacilli. In addition, tubercle bacilli may be
liberated from the lymphatic spaces present in
adhesions of recent origin, if these be punctured.

A short‘summary of the findings derived
from Tables 4 to 7 is now appended.
(1) The shorter the-duratioh of the patient's
history of active disease in the lung parenchyma
or pleural cavity, the more frequent is the
occurrence of a pleural effusion once a pneumothorax
is induced.
kz) The more numerous and complex are the adhesions

in/
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in-a~pneumothofax, the more often will an effusion
occur.
13) Effusions are commoner in patients showing
evidence of recent subpleural involvement.

One does not find much information in
the literature to confirm the first observation
as relevant statisties are lacking. However, many
authors are agreed that the more numerous and complex
are the adhesions presént in a pneumothorax, the
more frequent will be the complication of fluid
formatidn. Among such workers may be mentioned
Davies (1ll), Goorwiteh (20) and Simmonds (21).
The latter states that "effusion is almost twice
as éommon when adhesions cannot be completely freed
as when a free pleura is obtained," Concerning the
observatioh that receht subpleural involvement of
the lung is associated with fluidrformation in a
pneumothorax, the writer finds that various workers
are In complete agreement with this finding. In
fact, Packard, Hayes and Blanchet (1), state "it
would seem that the.most common pathogenesis of pleural
exudate iIn man is the direct extenslon of an
active'sub-pleural facus through the allergic
visceral pleura. By the aid of the thoracoscope

subple_ural/
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subpleural tubercles are frequenfly seen and
occasionally patches of exudate on thé pleura have
been observed." Peters and Wooley (18) remark
that "the conception of an endogenous re-infection
of, or migration of bacilli to, the pleura is in
accordance with the observed facts." Burrell (22)
is very emphatie in his statement that a tuberculous
pieurisy is the cause of such effusions, and he
~notes that only once in artificial pneumothorax
used for diseases other than pulmonary tuberculosis
has he found an éffusion, this being in a patient
with a:lungvabscess.

As pleural adhesions and sub-pleural
tubercles seem to bear a definite reiation to the
occurrence of a pleural effusion, it should be
illuminating to consider next the time of onset of
effusions after the‘commencement of pneumothorax
therapy. The induction of a pneumothorax is the
creation of a space between two endothelial layers
which, in their natural circumstances, would tend to
react to the presence of‘superficial parenchymatous
tuberculous lesions by localised pleurisy which is,

in faet, the origin of the adhesions already discussed,

Unfortunatély/
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Unfortunateiy, the space created by the operator

is uncontrollable. It is quite widely recognised
that the degree of lung collapse attained following
the first introduction of air, is often greater than
‘could 59 accounted for by the amount of air
introduced from the pneumothoréx apparatus. This
being so, it might be expected that the sipread of
tuberculous infection to the pleural cavity would
be most likely to occur in the earlier months of
treatment., Adhesions are being stretched at this
time and caseating tubercles may easily rupture
into the pleural cavity, no adhesion formation

 being possible to prevent this complication.
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TIME ELAPSING BETW.

DEVELOPMENT OF AN EFFUSION,

EGg?uang. | Period in NGg?uan%d. Period in
Initials months. Initials, months, ‘
3, M.F. 16%. 1. A.L. 82,
T L.MoN 62, z. M.B. 2L
5. C.H. 1. 3. S8.1. 73,
6. M.d. 6L, 2, C.C. 2.
I Z.¥cr 1T, 5. R.L. 3
9. M.B, 1%, 8., A.R. 13,
{10, M.Mc.A. 1z, 7. C.McK. 2,
13.G.McC, 143, 8. J.H. 3.
[Tz E.5. i 9, H.McG, .
[15. E. 7. R 10, WLV, T,
[52. £.L. 2T, 11, A.H. z,
23, M.B. 2, 12, I.M. 12,
20, J.W. 3%, s, 4.8, 2.
'Sf.A::T. CEY 14, R.H. 1%,
5% LK. T, T Eoaec 9%.
W ik 16, I.K. 3
35.J.L. 1%, 17. M.McM 4,
36, D.M. 63. J18 M. 4. 4z,
3. A.V. 11 days, 19. M. A. 17.
39, M.F. 104, 20, ReA. 1%,
40, M. M. 8%. 21.J.L. 5.
T2 LW T === .
43, J.B. 2, 23. M.V, 6%.
44, M, T, 5. 24. A. Y. 1.
47 J.B, 13, L25. M. Mca. 6.
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TABLE 9b

Group VY. Group 42

No. of patients developing
an effusion in the first g
| 3 months 13 15
No.of patients developing
an effusion in the first

| 6 _months 16 20
No.of patients developing
an effusion in the first
9 months - 21 22

No.of patients developing
an effusion in the first
year ‘ 23 - 24

No, of patients developing
an effusion in the first
15 montks 24 25

No, ol patients developing
an effusion in the first
18 months 25

Total number of patients 25 25

It is evident from Table 9b that most
effusions did occur in the earlier months of treatment.
By the end of six.months of pneumothorax treatment 64%
of the patients in Group Y and 80% of the patients in4
Group Z had their course of treatment complicated by a
'pleural effusions, and by the end of twelve months,
92% of Group Y patiénts and 96% of Group Z patients
were similarly'embarrassed. Feters and Wooley (18)
give very similar figures, offering 76% within 6
months and 95% within twelve months, their total

number of patients with effusion being seventy-nine.

Packard/
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Packard, Hayes and Blanchet (1) give somewhat
lower percentages in their series - 58% within
six months, dnd 73% within twelve months.

Baving observed.then that pleurisy
with effusion is definitely related to the
earlier months'of pneumothorax treatment in a
majority 6f patients, a time at which the
tuberculous lesions, pulmonary or pleural, are
still in an active state, it is opportune now to
proceed to consider in more detail the mechanism
of the production of an effusion. There is a
considerable difference of opinion among various
authors as to what is the immediate precipitating
factor in the causation of a pleural effusion.
Bard (25) is convinced that practically all severe
pleurisies«are due to pleuro-pulmonary perforations,
but Dumarest, quoted by Packard, Hayes and Blanchet (1),
found no evidence of dronchopleural fistulae on
dbserving the manometric pressures in patients
develqping pleural effusions during pneuﬁothorax
treatment.  Bard (23) used the Béclire technique to
demonstrate his contention. This consists in taking
a manometric reading in a suspected spontaneous
pneumothorax, connecting the tubing next to a bottle
of/



of water and making the patient cough, watching for
bubbles to appear and then taking another reading.
The pressures will now have fallen. If the patient
is then allowed to breathe quietly the original
pressure reading will be regained in one to two
minutes. |

Ford (24), believes that all pleural
effusions complicating pneumothorax are due to the
breaking down of adhesions. Gloyne (25) considers
that if an adhesion be ruptured at a point at which
tubercle bacilli can be liberated into the pleural
sac, a secondary effusion is likely to follow.
This, he states, is probably what happens from time
- to time in cases of pleural effusion complicating
artificial pneumothorax. Wollaston (26) thinks
that the stress imposed on a diseased area of lung
by the presence of adhesions is of such importance
in the causation of a pleural effusion that he is
prepared to perform thoracoscopy and adhesion section,
if the latter be possible, even in the presence of
an acute effusion. 0f five such patients on whom
he operated, in three the temperature fell after the
adhesion section and the effusion, which was aspirated,
did not recur. In 1936, Korol (27), in an article

on "Haemorrhagic Pleurisy of Tuberculous Origin and
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ﬁaemopneumothorax,“ stated that "the widespread use
of artificial pneumothorax in the treatment of
pulmonary tuberculosis has brought about an increased
incidence of haemorrhagic pleurisy, the majority of
cases in the past fifteen years having been reported
in connection with artificial pneumothorax. In all
there are records of thirty cases." He believes
that bleeding from the stump of a torn adhesion is
the cause of such effusions. He notes, however,

that a progressive ulcerating tuberculous lesion

in the lung parenchyma may extend to a point at which
it may involve the visceral pleura and a large blood
vessel. Such a happening is rare. It is spparently
not so uncommon for & caseating sub-pleural focus

to extend into the pleural cavity during artificial
pneumothorax therapy. Matson, Matson and Bisaillon
(28), infer from»a study of empyema occurring during
pneumothorax therapy that & sub-pleural tuberculous
lesion is of more importance in producing an empyemsa
than is the tearing of lung cortex, for adhesions were
absent in fifty per cent. of their empyema cases,
Goorwitech (20), is of a similar opinion stating that
"the clinical manifestations of a plemral effusion
occurring during pneumothorax therapy probably depend

to/
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to a high degree on the quantity of caseous tissue
and tubercle bacilli spilled from superficial
ulcerati#e pulmongry lesions into the pleural sac."
Simmonds (21), remarking that at Clare Hall
Sanatorium pleural effusion was seven times as
frequent in patients treated by artificial
pneumothorax than in those not so treated, suggests
that this is due to +the opening of the lung spsaces,
especially pulmonary cavities, into the pleural
cavity. Hutchinson and Blair (29). also believe
that an effusion occurring during artifical
pneumothorax induced for pulmonary tuberculosis

ié often the result of a small rupture of the lung,
supporting their opinion by the fact that an
effusion is often preceded by a rise of intrapleural
pressure and that the temperature which accompanies
its development is very similar to that seen in
ordinary cases of spontaneous pneumothoraxe.

From the preceding review of the literature
of this aspect of the subject, it appears that there
is a general consensus of opinion that an effusion
is preceded by some change at the surface of the lung.
This may be the spilliné of tuberculous material into
the pleural cavity with or without a frank lung

rupture/
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rupture. The clinical findings in the writer's
series should assist in elucidating the problem.
No mention will be made at present of the
haematological findings as they can most suitably

be studied in a separate section.
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IABLE 11,
Group Y. Group 2.

ystemic upset, 88%, 60% ,

yspnoea, 6475, 607,

ain, 64%, 36%.
Increased Cough, 48%, 4%,
ﬂncreased sputum, 44%, 4% ,
Fall in weight, 44% . 36%,
Fever, 847%. 845 .
Fall in blood pressure, 44% no note,

An analysis of the findings presented leads

to several conclusions:-
(1) Ih a high percentage of patients a systemic
upset coincides with the onset of a pleural effusion.
This upset is generally accompanied by fever of
varying degree, and a fall in blood pressure and in
weight may also occur. The latter generally appear
when the systemic disturbance and fever are most

severe but this is not invariable. They are reflections
of an exacerbation of the tuberculous process.

(2) Dyspnoea is present in a considerable proportion
of patients (60 - 64%). This lends support to the
theory that in many of these patients a spontaneous

pneumothorax occurs before the onset of an effusion.

(3)/
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(3) increased cough and éputum, although not
noted as occurring so frequently as dyspnoea,

are nevertheless increased in quité a number of
patients (24 - 48%). .These are more diffiecult

for the patient to assess than is dyspnoea, and
individual daily records are not kept in this
hospital of the amount of sSputum expectorated

in each twenty-four hours. This is due to the
shortage of suitable measuring flasks. Thus,

these findings may also be taken to lend support

. to the spontaneous pneumothorax theory mentioned
previously as being of importance in the production
of a pleural effusion.

(4) Pain in the chest was frequent in one group
of patients, occurring in'64%, but in the other
group it was noted in only 36% of patients. This
indicates that there is, in many patients, an acute
inflammation of the pleura at the commencement of
an effusion. That such infiammation does occur

is confirmed by the fever and systemic'upset
previously observed. - In addition, it is noted quite
frequently in this hospital, that patients.who are
developing a pleural effusion complain of more
severe pain on puncturing the pleura than they
have formerly éxperienced. This was very marked

in/
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in one patient in the present séries, (Group Y,
36, D.M).

' Before discussing this subject farther,
it may be profitable>to consider the mean
intrapleural pressures noted before, during and

after the onset of an effusion.




. Table 12,
ANALYSIS OF INTRAPE*?IR:L iHESSUR@_,_ GROUP Y,
No. and Average mea ress adings,
Initials. | Pleura dry.} Coincident with | After onset of

. effusion. effusion,

3. MoP, -2, unknown, -Be
4, A McKN, -12, -7 -2,
5. C.H. -11, -11, +6.,
6MoJe -5, -3 no reading,
7. AMel, -8, -8. -1.
9. M.B. -7 -3, : -2
10.M.,McA., -6. ‘-2. -2.
13.G.McC. =10, -6, no reading.
14.E.8, -5. +4, O.

1 15.E.W. | -6. ‘ -2, -2,
22.A,L. -10. +2, | +3.
23.M.B., -B. v =6, O.
29.J.W, -6, 0. +2,

31 ALF, L - =5 , -8, no reading.
32.R.K. -8, +2, +1,
34 .2 JMcN, -6, -2 -3,
35.J.L. -13. -5, . +1.
36.,D.M, -9, -8, no reading.
37.AV, -8, -1, -2.
39.M.F. -5, -3, =3.
40 M.M, -4, -3. 0.
42 MW, -5. -6 +5,
43.J.8B. : -6. -7 -2.
44 M.T. -13. -1, no reading.
47.3.B. -4, -2, -1.

(Each rise or fall of twa divisions en water manometer equals one centimetre.)



Table 12,

ANALYSIS OF INTRAPLEURAL PRESSURE. GROUP Z,

No,., and | Average mean pressure reedings,
Initials.| Pleura dry, Coincident with § After onset of
j effusion, offusion,

1, A.L. -8, -1, no reading.,
2. M.B. -6. -2, +5.

3¢ SeI -7 +1. +3., -

4, C.C. -4. -5, . +20,

5. ReL -6 -2 -4.

6. A.R. -8. +8, -4,

7. C.MecK. -8, -5, -2,

Be JeH. -8, -3, -2,

9. H.McG,o] unknown, unknown., -1,
10.M.W, -11, -5, -4,
11.A.H. -4, -4, -3
12.I.M. -9. ‘ -4. -2,
13,A,.S. -9. +1. +2,

14 .R.H. -11. -8, -14,
15,E.McC, -6 -4. +5.
16,I.Ke. -4, 0. +2,

17 .M.McM. -9 -9, -4,

18 ,M.A, =7, unknown, -2,
19.M.A, -8, -2, +1.
20,R.A, unknown . unknown. =3,
2l.7.L. -12, . -8 died.
224¢S.5. -16, -10. no reading.
23 M. W, -5, -2 no reading,
24 ,A.Y. -8, -6 no reading,
25.M.McA, -7 unknown. +1.
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TABLE 13,
SUMMARY OF INTRAPLEURAL PRESSURE FINDINGS.

Ggroup Y, Group Z.
- . | No.| %, No.! %,
During evolution of effusion
1, Rise in pressure. 19. 76, 18, 72,
2. No change in pressﬁre. | 2. 8. 2, B,
3. Fali'in pressure. 3.1 12, 1, 4,
4, Pressure unknown. T 1. 4, 4.' 16,
_
After onset of effusion,
1. Farther rise in pressure. 12, 48, 1&; 52%
2e No change in pressure, Se 12, 1. 4,
Se Fall in pressure, 4, 16. S 12,
4, Pressure unknown, 6o 24, B 32,

Note:=- The average mean pressure in the preceding
tables was calculated by averaging the mean pressure
before and after a refill on two occasions during the
appropriate perlods referred to.

Considering the clinical findings as ’
summarised in the two previous tables, it is obvious
that iIn a majority of patients the onset of a pleural
effusion during artificial pneumothorax therapy is
accompanied by & syndrome suckr as might be produced by
the exaoefbatiqn of tuberculous disease ﬁithin the
pleural cavity., The increase in intrapleural pressure

1s strongly suggestive of the addition of ‘air to the

pnoumothorax/
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pneumothorax, This air, as previously explained,

can have been added only by the rupture of lung
tissue, This may have taken place by the perforation
of a cavity or the ulceration of a subpleural caseous
focus with or without the drag of an adhesion on

the area rupturing. Bard (23) has demonstrated that
such lung ruptures are often valvular. That no
change in intrapleural pressure was recorded in 8%

of patients in both groups Y and Z can be explained
by the fact that tubercle bacilli may be liberated

- from a caseous area or from the rupture of recent

- adhesions, which, as Gloyne (25) has shown, may
harbour tubercle bacilli, without any leak of air
occurring from the lung itself. The writer suggests
that the fall in intrapleural pressure which occurred
in three patients of Group Y and one patient of

group Z may have been due to the increased permeability
of an- acutely inflamed pleura leading to an increased
absorptioﬂ of air, no spontaneous pneumothorax having
occurred in these patients. Pinner,‘Moerke and Saley
(5) state that inflammation increases the permeability
of capillaries and endothelial linings and that this
mechanism must be assumed for the pleura. Up to

this point, gquoted authority and the writer's |
investigations show that whatever the change in the

pleural cavity, it has its origin in the almost
unnatural/
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unnatural separation of the pleural layers whereby
siresses are put on adhesions, support is taken
away from lung cavities, and subpleural tubercles
which, in nature, might have resulted in further
adhesions, find themselves literally out of touch
with the parietal pleura., From any of these sources
the shedding of tubercle bacilli on to the allergic
pleural surfaces will be ample enough cause for the
dévelopment of an effusion. it follows that the
finding of tubercle bacilli in the now developed
fluid should be an almost constant occurrence and
with the guestions raised by these thoughts the
following paragraphs are intended to deal. For the
sake of completeness reference is made to the
cyfological examination of the fluid in a number of
patients,

A combination of three metﬁods was used
in the search for the tubercle bacillus.
;(1) Examination of smears made from the sediment
of each effusion. A smear prepared by the antiformin
bconcentration method was examined if the direct smear
was negative.
(2) Culture of the sediment on Lowenstein's medium,
Four of these specimens became contaminated by moulds.

(3) Guinee-pig inoculation, when necessary.



TABLE 14,

:—bo_

GROUP __ Y,

No. and [Direct AntiforminLﬁowenstein Guinea-pig |[No. o
Initials.| smear. |concentrath inoculatior examsg
methode culturee
3. M.P. Neg. Neg. Neg. Neg. 2.
4, A.MeN.| Pos(l) Pos(1). Pos(4) [Pos(l) 4.
. Neg(1)
5. C.H. Neg. Negq. Neg. Pos.(1), 3.
—1 Neg{l).

6, M.J. Pos(1), Not done¢ Pos(l). |Not done: 1.
7, A.Mcl.| Pos{l) Neg. Neg. Pos(1). 2.
9. M.B. Neg, Neg. Neg. Pos(1). 1.
10. M.McA | Pos{l. Not done] Pos{l). | Not done. 4.
13. G.McC | Neg. Neg. Neg. Neg, 1,
1Z. E.S Neg. Pos.1) Pos(l,) | Neg(l). 3,
[i5. E.W. Pos(9).] Pos(2). Pos(8). | Not done. 11.
2, 4A.L. Posa(1l) Not done Pos(l) ] Not done, 1.
23, Ml.B. Pos (12 Pos(4). Pos(17). | Pos(1) 19.
29, J.W. Pos.(5). Not done] Pos(5). | Pos{1) 5.
Pos(%) Not donej Pos(3)Cll.-Not done. Y

Pos(2) Not dongl Pos(2). Not done. 2.

Pos{5). NGT doneg] Fosi5)CH. POBRIL)- g,

Pos(1) Not dongl‘?os&ll Not a0 ae. 1.

Pos{2)| Not done{ Poa(2). | Not done. 2.

Pos(z) Not done] Posl{1)Cl} Not do ne. 2,

Pos(3) Not done] Pos(3) | Not done, 3.

Pos(o) Noti done] Pos(5). Not done, D,

FPosl(9). Not done| Pos(9) [ Neg(l) 10.

Pos(1). Neg(2). Pos(3). [ Not done. 3.

ros{1l) Not done}l Pos(l) Not done. 1.

Pos, 3). Neg(z2). Pos(2).Gl].Pos.1). 5.

Cl, - Contaminated once.
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TABLE 14. GROUP 2.
No. and [Direct[Antiformin|Lowenste in|Guinea-pig | No. of
Initialsg] smear,|concentrath inocula-
nethod, culture. tion® £exams |
1, A.L. |Neg, Neg, Pos, Pos, 1,
2., M.B. |Pos. Not done, |Pos. Not dorne, 1,
3. S.1. |Pos, |Not done, |Pos. Not done, 1.
4, C.C. JPos. Not done,. [Pos. Not done, 1,
E?_ﬁ.L. Pos. [|Wot done, |Pos. Not done, 1,
. A.R. ]Neg. r08. Pos. Not done. 1.
. G«McKlFos, Not done, [Pos, Not aone. 1,
8. J.L. |Pos. [Not done. |Pos, Not done, 1,
B H.McGlPos(1)] Negl1). Pos(1). Not done. 2,
10. M.W. JNeg. Neg. Neg. Pos. 1,
T, A.H. [Neg. Neg. POB, PoS. T 1
12. I.M. }Pos. Not done. }Pos. Not done. 1,
Eﬁ.A.S. Pos, Not done. |Pos. Not done, 1,
|4, R.H. |Pos. Neg. Neg. Pos. 1,
5. E.McC|PoOB. Not done. 08, done. T,
6. L.K., |Pos, Not done, |Pos. Noti done. 1.
Tﬁ’M.McM Pos. Not done, 0s. Not done. 1.
8. M.A, |Pos. Not done., |Pos. Not done,. 1.
Neg. Pos. Pos. 1.
Neg. ros, Pos. 1.
Neg. Neg. Neg. 1.
Nob done. |Pos. Not done. I,
Not done. |Pos. Not done, 1.
Neg. Neg. Neg. 1.
.Negxzquoq(lL Pos(1). Posg(1l), 2.
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Table 14a, SUMMARY OF TABLE 14,
Group Y. Total of 25 patients,
Result. Direct | Antiformin | Lowenstein| Guinea-pig
smear, | concentrat culture. inoculation,

method. .

Positive, 20. 4, 200 8,

Negative. 5 B, S5e 5,

Not done. 0. 13, 0. 12,

Percentage| 80% *# 33% 80% 61%

Positive, [of 25, of 12, of 25, of 13.

Percentage positive combining all methods = 92%

Group Z., Total of 25 patients.
Result., Direct | Antiformin |Lowenstein Guinea-pig
smear. | concentrat® |culture, inoculation.
. meth0d0~ - :
Positive, 16, 2, 21, 7
Negative, 9. 9. 4, 2,
Not done. 0. 14, 0. 16,
Percentage | 64% 18% 84% ™%
Positive, of 25, of 11, of 25, of 9,
Percentage positive combining all methods = 92%
Table 15,
, roup Y, [|[Group Z.
Hoo %o NO. %0
Patients poslitive by concentration '
method when direct smear was ,
negative., l.]4. 24] B
Patients positive by Lowenstein
culture when all smears were
negative. : 0.]0, 4.,]16.
Patients positive by guinea-pig
inoculation when all other methods
were negative. 2.18. 1.14.
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From the preceding tables, conclusive proof
of the infection of the pleural cavity by tubercle
bacilli is demonstrated in a very high percentage
(92%), of the fifty patients who had an effusion.
Direct smear examination reveals tubercle bacilli in
an average of 7R, of patients and this figure is
further increased 1o 76,5 when examination ofvsmears
prepared by the antiformin concentration method is
included. Lowenstein's medium used for culturing
tubercle bacilli, provided further aid in their
detection in these effusions, for the average figure
of positive findings rises to 84% when the cultural
method is included. Guinea-pig inoculation finally
increases the aversge percentage of positive resull s
to 929,

In view of these findings, it is rather
surprising to find Ustvedt (30), stating in his haudbook
of pulmonary tuberculosis published in 1942 that "the
cause of effusions occurring in artifiecisal pneumothorax
is not yet established." He remarks that "presumably
in most cases the tuberculous process spreads to the
pleurs and involves its surface." On the other hand
we find Wingfield (31), observing that "these effusions
are always sterile but usuelly contain tubercle bacilli.
These are more common in the purulent effusions, but

could/
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could probably be found in every case if a sufficiently
careful search were mdade." Burrell (32) believes
that the direct cause of effusion in pneumothorax
treatment, as in ordinary cases of pleural effusion,

is infeetion by tﬂe tubercle bacillus. He gives reasons
for this belief,.but no figures reporting the number of
times tubercle bacilli were found, stating only that
"they are almost always present in a long standing case,"
Davies(1ll) points out that tubercle bacilli are oftoen
very difficult to demonstrate in serous effusions
unless guinea-pig inoculation be used, and Peters and
Wooléy (18), in their séries, were able to demonstrate
tubercle bacilli by direct smear examination in only
four out of thirty-seven cases of pleural effusion,

By guinea-pig inoculatiom they were, however, able to
confirm the presence of tubercle bacilli in BO% of
their specimens.  Pinner, Moerke and Saley (5), who
found tﬁbercle bacilli in the fluid taken from twelve
out of fifteen patients , and Oshima, Suzuki and Suzuki,
who demonstrated tubercle bacilli by culturasl methods

in 90% of twenty pneumothorax effusions, are quoted by
Alexander (10), who éoncludes that "the vast majority
of all pneumothorax effusions are true tuberculous
pleuritides."  Brock, Mullen and Woodson (33) found
tubercle bacilli in 200% of twenty-eight effusions
complicating/
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complicating artificial pneumothorax, and they state
that “éffusiOns developing subsequent to the collapse
of tuberculous lungs are not only always tuberculous in
nature but tuberéle bacilii can be found in nearly
évery case if the proper procedure of examinatiop is
followed."® The methods they used were direct smear
examination, culture and guinea-pig inoculation, the
latter veing done when direct smears weré negative.
They give no account of the percentage of positive
results achieved by each meth@d.v Weisman (15)
reporting on twenty-five specimens examined, found only
four positive by direct smear examination and six
positive by guinsa-pig inoculation. Goorwitch (19)
reporting on effusions following intrapleural
pneumolysis, found tubercle bacilli in 30% of one
hundred and twenty-one effusions by direct smear
‘examination and in 77% of ninety-four effusions by
the culture method., BRosenthal (34) lays considerable
stress on the importance of trauma in the aetiology
of effusions in artificial pneumothorax and believes
that only a relatively small proportion are due to a
tuberculous pleurisy. He gives no figures relating

to'examinations for the tubercle bacillus nor does

Quisumbing/
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Quisumbing (35), who agrees with Ustvedt in stating
that "we are still very much in the dark regarding
the matter."

It ie thus evident that the writer's
bacteriological findings agree substantially with
those of severai other workers whose opinion may be
taken as reliasble. It may be added. here that in
only two patients, each of whom had an empyema, did
the writer find any evidence of secondary infection
in the fifty patients having effusions in his seriecs.
One of these patients had & spontaneous pneumothorax;
"the pleural cavity of the other was accidentally
contaminated during the aspiration of fluid.

Turning next to the cytology of these
effusions we find Gloyne (R), stating that "the mild
serous effusions have much the same characters as the
‘secondary serous effusions of frank open pulmonary
tuberculosis, show a lymphocytic predbminance in
the cell count with three per cent. of protein or more,
and are sterile on culture. As the fluid becomes more
opalescent and reaches the sero-purulent stage the
polymorphs increase and finally dominate the picture.”
Gloyne also believes that if there are many polymorphs
tozetser with tubercle bacilli, this ié strong

presumptive/



presumptive evidence of a spontaneous pneumothorax.
In the series of patients under consideration the
cytology of their pleural effusions was carried out
in Group Y only. Difficulty was experienced from
time to time in distinguishing cell tynes. From
the folléwing table the cytology of the fluid at
the initial aspiration will be given. Contractions
used in this next table are as followst-

N - Neutrophils. ’ E - Eosinophils.

B - Basophils. S.L.- Bmall Lymphocytes.

‘L.L- Large Lymphodytes. M - Monocytes.
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IEBT E, J/V.
CYTOLOGY OF PLEURAL FLUID AT INITIAL ASPIRATION,

Fo. and | N. E. B. S.L. | L.L. M.
jfnitials

3. M.P. 2- 3.5.] O. 88. 2. 5. &,
4. A.McN | 13, 0.5. 62 1.5 20,
5. C.H. 46, 2.5.1 o. 48. 2. 1.5,
6. M.J. 20. 0. 0. 74.5. | 3.5. 2.
7. AeI.| 45.5.] = 0. 44.5. | 8. 0.
9. M.B. 29, 15. 0. 54. 0.5. 1.5.
10. ii.McA} 3z, 0. 0. 55. 3. 5. 9.5,
13. G.ucC} 5. 3.5 o. 82. 7.5. 2,
14.E.S. | 67, 0.5.] o. 26.5. | 2. ¢,
15  E.i. | 48, 0. 0. 17. 0. 35,
22. A.L. | 90. 0. 0. 4.5. | o. 5.5,
23. M.B, 8. 1. 0. 74. 5. 12,
29. J.W. | 95, 0. 0. 5 5. 1. 0.5,
431.1&.1?. 16, 0. 0. | 79.5.] =. 0.0.
32. A.K. | 38. 0, 0. 53. 7. 2,
34. AicN| 17, 1. 0. 70. 8.5. 3.5,
35.J.L. | 36. 0. 0. 52.5. | 8. 3.5,
6. D.u. [ 7. 0. 0. Z0. 245, 0.5,
39, M, F 26.5.| 2.5.] O. 65. 2.5 3.5,
40. .M. | 42.5.] o 0. 39.5. | 11, 2
g2 M.W. | 7%. 0. 0. 23. 3. 2,
43, J.B. | 46. 8. 0. 38. | 8.5 4.5,
W 3. 0. 0. 60.5. | 2, 0.5,
5. M.R. | 77 1. 0. 9. | o 4,
a7. J.B. | 1L 0. 0. 78. 1.5, 0.




From the preceding table it is found that
in 76%‘of the twenty-five patients, their pleural
fluid showed a lymphocytic predominance and 24% showed
a predominance of polymcrphs at the initial examination.
0f thése patients in whom the polymorphs predominated,
all showed tubercle bacilli in direct smear of the
centrifuged sediment of the effusion and these were
usually present in considerable numbers. Only two
of these six patients (Group Y., 14,E.S., 38,D.M),
showed evidence suggestive of spontaneous pneumothorax
clinically. It may be noted that the thology in each
fluid exsmined confirms Burrell's (22) contention that
these effusions are exudates. .It also agrees with
Gloyne's (2) description of the cellular types to be
found, although those effusions which showed a
predominance of polymorphs accompanied by numerous
tubercle bacilli, were preceded by clinical signs
and'symptoms of spontaneous pneumothorex in only
thirty-three and one third per cent. of the six cases.

It may be concluded then, that the cytological
examinations made by the writer lend further support
to his contention that these effusions are essentially
tuberculous.

All the Groﬁp Y patients except two had a

specific gravity estimation done on the specimens of

fluidy
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fluid obtained. The fluid was insufficient in amount
in the.two patients excluded. An ordinary urinometer
was used and the range of the readings oﬁtained was
1005-1026. All the effusions gave a positive Rivalta's
test and the Esbach readings varied between 1.8,5 and
4% of protein., Thus some of the fluids possessing
the characters of exudates also showed the physical
characteristics of transudates. Pinner, Moerke and
Saley (5), had similar findings in their series of
thirty-two specimens. It is the writer's belief thet
these physico—chemieai findings are of little help in
elucidating the aetiology of the effusions under
consideration, the data obtained being variable and
contradictory. The time spent on carrying out these
tests could be better employed ih more prolonged
searching of smears for tubercle bacilli.

Having established the main causative factor
in the aetiology of effusion in artificial pneumothorax,
we may next consider the predisposing factors stressed
in varyinf degree by different workers.

(1) Trauma. |

(a) External trauma. No external trauma was sustained

by any patients in the writer's series.

(b) Internal trauma. Internsl trauma may take several

forms/



-71-

forms, such as the use of excessive amounts of air and
of positive pressurés, the giving of air by inexperienced
operators when inadequate manometric oscillations have
been recorded, the too rapid introduction of air, the
rough introduction of large needles, thoracoscopy and
adhesion section.

In this hospital Clive Riviere needles are
used for the induction of pneumoﬁhorax and for the first
refill. Next, an aspiration type of needle, 1.5 mm, in
diameter and having a side opening near the point; is
used, till the lung is sufficiently collapsed to allow
of the use of Kjer-Petersen needles without serious risk
of puncturing 'it. Anaesthesia using 2% Novocaine is
employed except when Kjer-Petersen needles are used.

While in hospital, the patients under
consideration did not recelve amounts of air in -excess
of four hundred cubi¢ centimetres and generally refills‘
averaged two hundred to three hundred cubic centimetres
twice weekly for the first few months of pneumothorax
treatment. At the out-patient clinics which a few of
the patients had to attend after dismissal from hospital,
refills were given less frequently and larger amounts
of air, such aé five hundred to one thousand cubic
centimetres were introduced at intervals of three to
six weeks. Only one patient (Group Y, 2, M.P.), developed
an/



b

an effusion while under this regime. She was having
refills of four to five hundred cubic centimetres of
alr at six weekly intervals. It must be rscognised
that the ttauma produced by any given amount of air
will vary considerébly from pstient to patient. Thus
one hundred cubic centimetres of air given to a patient
with & partially effective pneumothorax complicated by
| adhegions is much more likely to do harm than five
hundred cubic centimetres given into a pneumothorax
where the lung is free. Yet, the patient who developed
an effusion while receiving large infrequent refills

at a clinie¢, had a pneumothorax in which previous
adhesion section while in hospital had completely freed
the lung from the chest wall, six other patients with
adhesions, which were extensive in two, did not develop
an effusion while attending a clinie. It has been the
experience of the senior members of the staff of tuis
hospital that iﬁ is not wholly unwise to continue refills
in patients having uncuttable adhesions. Many of these
patients have contralateral disease and the partially
effective collapse of the worse lung sometimes permits

of a degree of healing which will allow of a thoracoplacty

at/
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at a later date. A few patients have in fact had
thoracoplasty performed while a contralateral
oneumothorax has been maintained, the lung operated
upon having previously been partially collapsed by
artificial pneumothorax. It is probable that the
degree of pleural involvement by active tuberculous
~disease is more important than is the trauma of large
amounts of air. In relation to the use of positive

pressures the following tables may be of interest.

TABLE 1%7a,
Group} Maximum positive reading. Mostpositive average
(SWququ;dsﬂl readi
Before ter Before
refill. refill. refill,
X. +18, ‘-14. | '.'260 _18- *12.
Y. +14, -14, +18. - 6. + 3, +9,
Z, +12, - 6, +18, - 6, * 4, 46,
TABLE 17D, ‘
NO. OF PATIENWS IN EACH GROUP WITH AVERAGE RFADING ABQVE RBERO,
Group. Before refill. After refill.
X. 4, 13,
2. 10.
Z, 2. 3.

It is seen at a glance that the maximum positiwe
readings were recorded in the non-effusion group and

that/
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that also this group showed the highest average
readings both before and after a refill. In addition,
this group had a greater number of patients with
average readings above zero, this being more marked
after refills. It may therefore be suggested that
positive intrapleural pressures‘per se have not, in
this series of patients, been proved to be as important
in the aetiology of pleural effusions as many writers
suggest. Packard, Hayes and Blanchet (1), end also
Peters and Wooley (18) confirm this observation.
Davies (11), Rosenthal (3%4), Leaver and Hardaway (26),
Harper (37) and Rao(l4), samong others, believe that
positive intrapleural pressures are of importance in
the causation of pleural effusions in artificial
pneumothorax. It may be cohcluded that in certain
patients the use of positive intrapleural pressures may
predispose to the development of an effusion. Probably
the excessive pressure leads to the damage of superficial
areas of recent disease in the lung especially if adhesioss
be attached there. Peters and Wooley (18), suggest
that adhesions pﬁlling—on superficial thin-walled cavities
may lead to cavity rupture and fluid formation, but this
will, they say, usually be purulent.

Concerning the introduction of air when

inadequate/
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1nadnpatelmanometfic oscillations have been obtained,
it may be noted that in this hOSpital resident doctors
aré instructed to obtain a free swing of at least

five divisions = on the manometer before air is
introduced, In addition, air is introduced with the
tubé leading to the manometer open, so that if the
attempt.to introduce air too rapidly is made, fluid
will be blown out of the manometer. These two factors
can therefore be considera? to be unimportant so far

as the present patients are ceoncerned.

ThoraooscOpy was performed in twelve patients
in each of Groups Y and 2 énd in each group six of these
patient§ developed an effuaion at some date afterwards.
One patient in Group Y (45;J;B.) previously had a small
effusion which was negative for tubercle bacilli and

had disappeared before operation,

TABLE 18, GROUP Y.

No, and Duration between thoracoscopy and effusion
Initials, | (in months)
5. H.P.‘ 10 °
13.G.McC. | 3%.
15, E.W. FPluid developing when thoracoscopy was

_ done., It became turbid four months later.
40.:1!.!. . 4%’
43,3.B, 1 4. | :
44 M,T, | 1.




i,y

IABLE 18. GROUP 2.
No. and Duration between thoréCOSCOpy and effusion
Initials, (in months).
[6. A.R. 2%.
6 LA , 3.
|To M. &. ' 9Z.
22. S.8. | . 1.
R3. MW, 4.
R5. M. McA. 3z.

In only three patients in Group Y (15, 43, 44)
and in one patient in Group Z (22), could the thoracoscopy
have had any immediate bearing on the development of an
éffusion. Only two of these‘four patients had adhesions
cut (15, 43) and in only one (44), did the fluid not
become purulent. No secondary infection was found in
any fluid, Weisman (15), states that "an effusion
usually follows the intentional severance of a pleural
band‘as in pneumolysis," and Mistal (38), finds seventy
to eighty per cent. of exudates afier pneuwwolysis, of
which only ten per cent. are large. He believes that
pleurolysis stimulatés the resorption of pre-existing
effusions in half of the cases operated. By good
technique and proper selection of patients he thinks
that the incidence of empyemata can be reduced to two

per cent. Dufault and Laroche (32). also report a

low/
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low. incidence of empyemata following adhesion

section (0.58). Ustvedt (30),'quotes Gullbring

who performs pneumolysis in sixty to eighty per

cent of reeently induced artificiai pneumothoraces,
and in five hundred and thirty-one cases he reports
nnlj ten large effusions, 1.88%, Goorwitch (19)
reporté thirteen per cent of serous effusions

- following ninety-seven intrapleural pnsumolyses;

this excludes small transient effusions, Following
elght per eent of the operations, an empyema resulted,
this‘being preceded by & serous effusion In twenty-two
patients, On reading Goorwitch's review of the
literature on this subject, one is imprésaed by the
variation in the post-operative interval regarded by
different workers as significant. One worker, Sﬁart,
regards empyemata occurring one month to two.years
after operation as possibly related to it; -Wollaston
(26) reports an incidence of 19.5% of pleural offusions
following two hundred pneumolyses, 2% of tubereculous
empyemata and 0.5% of mixed eﬁpyemata. As noted
previously, he is prepared to operate even in the
presence of an acute pleurisy in order to lessen the
strain imposed on.diseased areas of lung by adhesions,
ﬁe believes that operation is not responsible in the

large majority of patients for any empyema that may'
follow/
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follow it. 1In the writef's series of fifty patients
having effusions,‘four deﬁeloped an empyema at some
time following thoracoscopy, no fluid being present
at the time of operationy sanother four patients
having a serous effusion at the time of operation
later developed an empyema; &and in two patients an
empyema present before operation persisted after it,
The time interval between operation and the first
occasion on whieh purulent fluld was observed is

given for each patient in the following table.

_TABLE 19,
Group No. and ‘Duration In months between thofa-

Initials, |[coscopy and empyema formation.
Y 43.J.B. l.. No effusion present at operation,
Z 6.A.R. 6. No effusion present at operation.,
Z 22,A.S. | 1l%. No effusion present at operstion,
Z 25. M.McA.| 6. No effusion present at operation,

Y. - 15.E.W, 4, Serous effusion preséﬁt at
. _ ) . ' operation,

Y. 23 ,M.B. |3. Serous effusion present at
‘ o . . A operation,

Y. 39 .M.F. 3. Serous effusion present at
. operation.

Z. 11.A.H. 7. Serous effusion present at
operation,
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It is possible that in all of these patients
the operation had some influence on the development of
an empyema; . No. 22 of group Z was the only patient in
whom thnracoécopy without pneumolysis was performed.,

.The incidence of empyema following thoracoscopy and
pneumolysis was therefore fourteen per ceﬁt. in this
series, a significant increase on the figures given
by Goorwitch and Wollaston, This 1s a finding of

_ considerable practical importance and lends support
to the statement made by Benjamin (40) that "thoracoscopy
should not be done during am acute pleurisy.," Jacobaeus
(41) believes that if a patient has a serous pleurisy
before operation the outlook is not so favourable
because such pleurisies usually becéme worse after
the,surgeon'é intervention. Chandler (42) also
pointed out the possible dangers of tuberculous
empyema "and SpoﬂtaneousipneumothOrax if large complicated
adhesions are subjected to cauterisation, The patients
in Group Y (15, 23, 43) all had acute pleurisies at the
time of 6peration and large adhesions were divided in
each case. The heat of the lamp or the perforation of
parietal tubercles by the cannula may also have had
some effect in producing these effusibns, especially
when no adhesions were cut, as in Group Z No. 22, It
may be concluded then that thoracoscopy and pneumolysis

definitely/
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definitely have some influence on the development

of pleural effusions and more especially empyemata.

| Further factors predisposing to pleural
effusions are given in the following paragraphs.

(2) Exercise.

Both Burrell (32), and Wingfield (31),
state that exercise has not,in their experience,been
a predisposing cause of pleural effusion during
artificial pneumothorax. It hag already been
demonstrated in Table 9b, that in the writer's series
55 of effusions occurred within the first three
months of treatment, & time during which practically
every patient was confined strictly to bed. By the
end of six months from the start of treatment,72%
of the patients had an effusion, and at this time
exercise, if permitted, was still markedly restricted,
the patient ﬁeing up for only one to two hours per
day. It may be presumed that exercise was of little
importance in this group of patients as a factor in
the causation of a pleural effusion.

Gemmill (43), in a personal communication,
points out that in a series of artifical pneuﬁothoraces
conducted entirely from tuberculosis cliniecs in
Glasgow, the incidence of pleural effusions was
particularly low. 24% of patients had a trace of fluid

only/



only, 8.67% had effusions of moderste degree and
2% had large effusions.

fou_ndo

from comparatively small lesions,

Only one empyem& was

These patients, however, suffered usually

This in itself

would account for the figures quoted, butlthe

fact that sueh happy results were achieved by

out-patient treatment alone is interesting,

3. Season and Intercurrent Infection,
Group Y, Group Z,
| No.| ¥ | Wo.l 4|

Patients developing an
effusion in first quarter
of year, lo. 40, 9. 36,
Patlients developing an .
‘effusion in second quarter '
of year. . 7e 28, 4, 16,
Patients developing an
effusion in third quarter
of year. 2 B 5, 20,
Patlients developing an
effusion in fourth quarter
Of yearn 60 24. 7. 28.

It is noticesble that 64% of the effusions

in each group occurred during the months of October to

March of the following year.

with Peters' and Wooley's findings.

This ié in accordance

Burrell (32),

however, is quite emphatic in stating that weather has
11ttle/ “
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It is evident from the graphs presented, that in
each quarter of the year, the majority of effusions
occurred within the first six months of treatment,
a period during which it has been previously
demonstrated that they are most likely to occur.
This being so0, it may be taken that on the whole
the season of the year is, per se, of little
importance.

In Group Y, only four patients had recent
intercurrent infections before the onset of their
pleural effusiong. Each of these patients had an
attack of coryza at intervals of one, three, four
and five weeks respectively before the effusion was
noted. The patients in Group.Z2 were not specially
Questioned on this subject. It would seem that
upper respiratory tract infections may lead to an
acute pleurisy in a few patients by diminishing their
- resistance and thus allowing an exacerbation of the
tuberculous process.

4, Menstruation.

Menstrual hyperasemia is believed by some
workers to be of importance in the causation of effusions
in pneumothorax patients, (1). Of the patients in
Group Y, twenty-three were women and of these only
four menstruated within a period of five days before

or after the onset of an effusion. No notes are
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available for Group Z patients. It would appear
that in this series menstruation had little bearing
on the occurrence of an effusion.
5. The Gas.

 All patients received air at room temperature
and it cannot be stated what influence any other
gas might have had in preventing an effusion.
Burrell (32) finds that the gas employed matﬁere not
at all, nor does heating the air as it is given have
any beneficial effect. Portas and Corralo (45)
using ozone instead of air , found no effusions
in a series of forty-two artificial pneumothoraces.
6. Allergy.

By allergy is meant the difference in response
of the body to a second dose of an antigen compared
with its response to the first dose (46). The
second reaétion may be stronger or weaker than the first;
if it is stronger, aliergic hypersensitivity is said to
be present, and if weaker, allergic immunity is present.
Paterson (47) found that if he introduced virulent
tubercle bacilli into the pleural cavity of normal
guinea-pigs, no effusion of ﬁémonstrable proportions
appeared, but it did appear if the guinea-pigs were
previously sensitised by subcutaneous inoculation of
tubercle bacilli,  Howard and De Veer (48) found that
the more heavily infected is/



is the guinea-pig, the more extensive and severe is the
allergic serositis which occurs. Petrdff and Stewart
(49) and Montgémery and Lemon (50 and 51) have confirmed
the work of Peterson, However, Lemon and Feldman (52)
using rabbits sensitised by the subcutaneous injection
of 0.1 mgm. of bovine tubercle bacilli, discovered that
subsequent intrapleural injections of potent old
tuberculin did not produce a pleural effusion or any
demonstrable lesions on post-mortem examinations of the
pleura. They suggest that the old tuberculin may have
been absorbed so rapidly that an effusion had not time
to form. They had previously demonstrated that when
virulent bovine tubercle bacilli were injected into the
pleural space of normal rabbits, a transitory small
effusion formed but disappeared in two or three days.
However it reappeared in about two weeks and progressively
increased and persisted till the animal's death from
tuberculosis, They therefore postulated that in such
animals all the bacteria introduced were not removed by
the lymphatic vessels but that they increased greatly in

numbers and acting as particulate foreign bodies brought

about a recurrence of exudation. They state "it would
seem probable that ﬁhe bacteria themselves must remain
in the pleura or be added constantly to the pleural
fluids to produce an effusion,” (52). In the course
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of experimental tuberculosis they have seen evidence
which convinced them that tubercle bacilli were
liberated from ulcerating subpleural tubercles into
the pleural cavity and in such animals a pleural
effusion occurred. |

All the petients in the present investigation
suffered from tuberculosis and it has been demonstrated
that 92% of the fifty effusions investigated showed
tubercle bacilli, It is not unreasonable to postulate
that allergy played as ;mportant a part in these human
subjects as it did in the experimentally produced
effusions in guinea-pigs and rabbits. Wingfield (53)
notes that the tissues which are close to & focus of
previous disease appear to be more allergic than thosc
further distant, Baum (54) quotes Neumann of Viemna,
who states that the amount of fluid formed during
" artificisl pneumothorax treatment can be reduced to
s minimum by the systematic use of tuberculin in every
case. Baum, himself, believes that some form of
specific trcatment is indicated when an apprecicble
amount of fluid has formed during artificial pneumothorax
therapy. Allergy, then, cannot but be considered to
be of practical importance in the causation of the
effusions of artificial pneumothorax,

7. Misgellaneous factors.
(a) Circulatory distarbance.
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Disturbance of the circulation within the
chest would seem to be of little importance except in
so far as too sudden compression of s diseased and
congested lung may lead to excessive passive congestion.
Reo (14) advances this theory, but Alexander (10) quotes
8everal workers who have shown that the collapsed lung
contains less blood. This pleural fluid should however
be a transudate. Complete collapse of & non-tuberculous
lung by spontaneous pneumothorai does not give rise to
a pleural effusion.

(b) Calcium deficiency.

Pisani and Smejkal (55) have suggested that calecium
deficiency may play a part in the aetiology of these
effusions, The writer did not emyloy'any drugs in
his.éeries with a view to preventing effusions and
cannot confirm the suggestion made above. Foulis (56),
in a.personal communication,'reports that the
&dministration of calcium by mouth or by injection is
of no value in preventing effusions during pnéumothorax
therapy. . |

(c¢) Phrenic_crush.
None of the fifty patients examined had a

phrenic crush done on the same side except one in
Group 2, (14, R.H.), who had this operation performed .
four months after having ha¢ a small effusion which
showed tubercle bacilli and which disappeared after
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one aspiration. The writer does nbt know whether
this operation would materially reduce the incidence

of effusions.  Lilienthal (57) quotes Sauerbruch who
believes that phrenic crush is beneficial in preventing
the formation of effusions. Sauerbruch has found
that resorption and exudation diminish after resection
of the phrenic nerve. |

Small Transitory Effusions.

It is the belief of most workers in the
field of artificial pneumothorax, that in practically
every patient; if observation by fluoroscopy be carried
out very frequently, small transitory collections of
fluid in the costo-phrenic sinus and insufficient to
cover the hemi-diaphragm, will be seen, Gloyne (2)
states that "small'quantitieé of fluid are present in
practically every case of spontaneous or induced
pneumothorax. " According to Davies (11) some
authorities believe that if artificial pneumothorax
be continued long enough, 100% of'patients will show
an effusion which is often transient and can only be
detected by radiological examination. ‘Dumarest is
quoted by Packard, Hayes and Blanchet (1) as referring
to these small effusions under the heading "Benign

Pleurisy" in contradistinction to "Tuberculous Pleurisy."

Other/
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Other writers classify them among what they term
"cold effusions." Among such investigators may

be mentioned Rap (14) and Zavod (58). It was
previously noted that many of the effusions which
occur during artificial pneumothorax.therapy have

- the characters partly of transudates aﬁd partly

of exudates. Mayer and Dworkin (59), however, state
that "undoubtedly the great majority of pleural
effusions complicating artificial pneumothorax are
transudates. Studies in several series of cases show
that 70 to 80% do not reach much above the upper level
of the costo-phrenic sinus. Small transient puddles
of fluid lasting a few days or more are present in
most cases at one time or anothei." Rosenthal (34)
found that puddles occurred in 33% of fifty-four
artificial pneumothoraces and that these puddles might
persist for days, weeks or months. Ford (24) found an
even smaller pefcentage of puddles., 1In his‘series

of forty-six pneumothoraces only 12% had transient
effusions. The writer found 16% of'puddles in his
series of fifty patients, 8% occurred in patients
whose ?neumothorax was not complicated by a typical
tuberculous effusion andya% occurred in patients who
later had a tuberculous effusion. One of the latter
group showed all the clinical signs and symptoms of

an/
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an acute exacerbation of tuberculous disease when

the large effusion occurred, although no tubercle
bacilli were recovered from it. Undoubtedly the

low percentage figure recorded in the present series
is due to the fact that, on the average, only
fortnightly screen examinations were possible in

this group because of pressure of work. Stivelman
and Rosenblatt (60) state that, "these effusions are
of nd conseduence, do not affect the intrapleural
pressure, need no speciel treatment and that
insufflations should be given as if there were no
effusion." They note that no acute symptoms accompany
their presencebut Rosenthal (34) found a rise of
teﬁperature in one patient at the time when a puddle
appeared. Mayer and Dworkin (59) quote Cloetta who
éhowed that thé microscopical appearance in collapsed
lungs suggested capillary engorgement, They also
quote Christie, whose finding of a diminished
distensibility énd marked‘rigidity in the lungs of
pneumothorax treated patients, they use to explain
the occurrence of transudates in such patients, They
believe that the rigidity of the lung is similar to
the pulmonary congéstion and oedema found in congestive
cardiac failure, a condition in which transudates are
not infrequently found in the pleural space. They
believe also that there is no reason why the normal

amount/
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amount of fluid present within the pleural space
should increase during pneumothorax trestment. 1In
their opinion, too sudden pulmonary compression, and
sudden and excessive fluctuations in intrapleural
pressure are prone to cause the appearance of fluid

within the pleural space.

1

The writer has been unable to find in the
literature any detailed analysis of these small
accumulations of fluid, no doubt because of the
difficulty of obtaining sufficient for adequate
examination. Mayer and Dworkin (59) state that "the
fluid seen after the establishment of most
pneumothorages is a limpid serous filtrate, containing
little fibrin, protein or cells." Of the eight patients
in whom a puddle was noted by the writer, in four,
it was possible to obtain some fluid for examination.
Six of these puddles occurred in right pneumothoraces
and two in left pneumothoraces. Of the larger
effusions ooéurring in the group of fifty patients,
44% were on the right side in Group Y and 56% in
Group Z. Thqs the percentage of 75% for puddles
occurring on the right side is considerably higher
than the figures £or the typical effusiomns. This is
not/ '
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not surp?ising, for, if an effusion be tuberculous,

as was proved in the majority of patients in Groups

Y and Z, then it will arise with equal facility in

the right or left pleural cavity. Gloyne (2) points

out, however, that transudates are more liable to

form in the right pleural cavity in patients with
cardiac failure because of the pressure of the dilated
right auricle on the great azygos vein and superior

vena cava, It may be that the increased resistance
occurring in the pulmonary circulation in patients having
pneumothora; treatment, can cause some degree of dilatation
of the right'auricle with a resultant collection of
fluid in the right pleural space. The writer's findings

will now be presented.
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TABLE 21.

GROUP X.

CLINICAL FINDINGS IN PATIENTS DEVELOPING PUDDLES.

{ To. and T H. We | 12.W.7. | 20.W.NcH. | 37. A.V.
Initials. .
Side, Right, Right. Right. Left.
Time after
induction.
(in months). . 13. L%. 5%.
Duration ' 3 tol
of effusion. L days. . 7 days. 14 days. weeks.
Amount of 1 fb. 3 fve. 1l b 3 fv.
effusion, 45 ces. 80 ces.
Intrapleural A.P. ‘no change,  A.P. no change.
pressure. abandoned abandoneé
' before before
puddle puddle
appeared. appeared,
Group- Mod. ,
Far I.B. III.B. III.B. III.B.
Adv
Type of ' Fibro~- Fibro- Caseo- Caseo-
disease. Caseous. Cavernous,. Cavernous.] Cavernous.
Adhesions. Present. Present. | Present. Present.

A.P. - Artificial pneumothorax.

fbo -
MOdo -

fingerbreadth or fingerbreadths.

Moderate.
Far adv.-Far advanced.




TABLE 21.

a -

GROUP Y.

CLINICAL FINDINGS IN PATIENTS DEVELOPING PUDDLES.

Far adve =~

The puddle in the patient (3. M.P.),occurred
immediately after a thoracoscopy.

No. and | |
Initialse. 3, MePo 114.. E.Se 3&0 A.McN, u50 M.R.
side. Left. Left. Righte Right.

Time after |

induection. 6. 24, 23. 9.

(in months),

Duration of

effusion. 6 days. 21 days. 21 days. 7 days.

Amount of | 1 fb. '3 fbe 2fb. 1 fbe

effusion. 3 cese. 70 ccs.

Intrapleural no no tendency no
pressure, change. change. t0 pos. change.
. ‘ ' | readings ,
after
refills.
Group. Mod. B. C. A,
Far II.C.
adv.k

Type of Caseo- Caseo—- Fibro- Caseous.

diseass. Cavernous, Cavernousg Cavernous,

Adhesions, Present. Present. Present. Present.
fbe. - fingerbreédth‘or fingerbreadths.
poOSe. - positive.

Mod. - Moderate.

Far Advanced.
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It is seen from Table 21 that there is a reange of
seven weeks to nine months from the time of the
.induction of artificial pneumothorax till a puddle
appeared. However, as noted in the section dealing
with the larger effusions, the majority appeared within
the first six months., Again, fhe duration of the
period during which the puddles persisted was always
short and this is in accordance with the findings of
several of the workers quoted. No puddle persisted
for‘months as was found by Rosenthal (34). The amount
of fluid present was usually very small thus making
aspiration most difficult., In four patients only,
were specimens of fluid obtained. It should be
mentioned here, that not one patient showed clinical
signs or symptoms of the development of fluid within
the chest. No. 37, A.V. had a rise of temperature to
99° F. six days before fluid was noted on screening,
but this could have been due to a contralateral dry
pleurisy which was at that time present. In one

patient alone, was there any significant alteration

in the intrapleural pressure. The manometer readings
showeé & positive swing after refills, but the mean

reading was usually on the negative side. On one

occasion it was + 2.
’These puddles occurred in patients with

moderately/
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moderately advanced disease and far advanced

disease.

In addition, all types of disease

.~ from caseous to fibrp-cavernous were noted,

although the majority of patients had the more

acute types.

It will be of interest to consider

next the laboratory findings where it was possible

to .obtain fluid for examination.

TABLE 22, LABORATORY FINDINGS.
No. and
lnitials. 3« M, P, 120 WOL 14= Eg S. 57: A. V. _
Amount and 3ces, of |45ces. of {70ces. of|80ces, of
character of | ®lood- blood- blood- turbid
fluid. stained |stained stained |yellowish
fluiad, fluiad. turbid blood-
fluid. stained
fluid,

Specitic

ravity. not done.|1014, 1020, not done,
Esbach

ercentage. not done. |4,0%. 1, 8%. 3, 5%e
Smear for ' :

tubercle .
bacilli., negative. [negative., Inegative, |negative,
culture for - \
tubercle

aclilli, negative. |negative, negative. |negative

uinea=-plg .

inoculation

for tubercle

acilli. negative, |negative, Fegative. regative.

AlY/
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All fluids examined gave a positive Rivalta's reaction;
none of the fluids showed any organisms on examining a
film prepared by Gram's method and none gave a growth
on culture in Glucose broth,

It is noticeable that all fluids examined
wére blood-stained. This could be accounted for by a
preceding thoracoscopy in patienty 3, M.P.), but none of
the other patients had thoxaeoseopy'performed.before
the puddle appeared. Diapedesis of red cells could
) possibly account for this characteristic of the fluids
examined.

Rivalta's test is positive if the fluid in
which it occurs is an exudate, Gloyne (2). Although
this test was positive in all the fluids examined, the
specific gravity and Esbach readings did not always
agree in indicating that the fluid was an exudate.
However, as Gloyne (2) notes, the method of estimating
the percentage of protein by the Esbach method; which
he describes, is only a rough one. As no specific
gravity beads were available, the specifid gravity had
to be estimated by dilution of some of the fluid and a
reading taken by an hydrometer. Thus both these physical
findings are of little value.

Much more important are the negative
bacteriological findings. No evidence of tubercle

bacilli was found in eny fluid by any of the methods

which/
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which yielded such satisfactory results in fhe
larger effusions. ' Nor was there any evidence of

secondary infection.

Conclusions.

l. . Pleural effusions which develop during artificial
pneumpthorai treatment may e small transient collections
of fluid or larger and more persistent in hature. The
former are of little importance, whereas the latter are
assoclated with the more serious complications of
artificial pneumothorax therapy.

2. - The transient puddles are probably exudates

but they are not tuberculous in origin. The larger
‘serous effusions are certainly due to invasion of the
pPleural cavity by tubercle bacilli which can be demonstrated
in a very high  proportion of these effusions by careful
technique. Thé cytology of these effusions confirms
their tuberculous nature. |

3. Tuberculous effusions occur most often in patients
suffering from advanced and acute pulmonary tuberculosis.
In this series the shorter the duration of the patients'
histofy the more oftem 4id effusions occur. . |

4, Tuberculous effusions freqpentl& accur in the

early months of treatment and their aetiology is closely
associated with the presence of recent subpleural

tubercles and large and complicated adhesionms. The
shedding/
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shedding of tubercle bacilli into an allergic pleural
cavity is the trigger mechanism which initiates these
effusions.

5. Of the various ancillary factors considered in
their céusation, internal trauma as by thoracoscopy

and adhesion-section; and intercurrent infection,appear

in this series to be worthy of consideration. These

act either by producing damage to a diseased area on

the lung surface or pleura, o; by so diminishing the
géneral and local resistancé to the tuberculous infection,

that its spread into the pleural cavity is facilitated.
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The Empyemata,

There is some difference of opinion as to

what constitutes a tuberculous empyema. Some writers
would include any pleural fluild containing tubercle
bacilli, (61), while others not only insist on frank
pus being present, but include in their definition the
clinicél picture which accompanies its formation and
subsequent course, (62). In this study Dickey's (63)
definition is employed. He states merely that any
sero-purulent or purﬁlent fluid containing tubercle
bacilli is, in his paper, classed as a tuberculous empyemaq

| Their asetiology is’closely linked with that of
serous-effusions occurring during artificial pneumothorax
therapy, for many empyemata develop from such effusions,
According to Peters ahd Wooley (18) it was Brauer and
Spengler who were among the firét to observe fhe evolution
| of a clear seroué effusion into an empyema. They quote
also Dumarest who has investigated this problem intensely.
Packard, Hayes and Blanchet (1) Pelieve that almost always

a tuberculous empyema is preéeded.by a serous effusion

during treatment by artificial pneumothorax. . Fishberg
(64) notes that while effusions may remain serous for
months or even years they most often change in character

and become purulent should they not be absorbed.

Hayes/
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Hayes (65) states that " serous effusion bears a grave
relatién to empyema, " Leaver and Hardaway (36)

?; found on investigating the records of seven hundred

and fifty patients treated by artificial pneumothorax
that 5.8% developed émpyemata. Of these patients,
twenty-ohe or 60% had a superimposed spontaneous
pneumothorax and‘fourteen or 40% had a clear fluid,

in the gabsence of . a demanst?dblé spontaneous pneumothorax,

before the empyema appeared. They note, however, that

§ following a superimposed spontaneous pneumothorax

t ﬁith an open fistula, the pleursasl exudate is generally
first serofibrinous in character although it soon
becomes cloudy and later becomes frank pus. It is

§ not necessary for aV?rank”broncho-pieural.fistula to

exist, for Coryllos (66) has noted that a high o

TN A R PP CTYTTAET T 2RI 4 A

incidence of punctiform fistulae, which quickly seal

b ' over, can give rise to bure tuberculous émpyema. It
has been noted in a previous section that tubercle

é ‘ bacilli may be liberated ihto the pleural space by

ulceration of a subpleural focus throtgh the visceral

pleura, by rupture of the wall of a cavity, or by the

tearing of an adhesion.. - Many workers have found that

empyemata/




empyemata are prone to occur in mechanically
unsatisfactory pneumothoraces. Among such may

be mentioned Goorwitch (64), Dickey (63), Cutler
(67), fieisman (15), and shields (68). Leaver and
Hardaway (36) state that post-mortem findings show
that the site of rupture of subpleural lesions is
most often near the pulmonary attachment of pleural
adhesions, Gordon (69) quotes Alexander, among
other writers, as noting that tubercles of the
pleura are often found in considerable numbers at
the base of adhesions. It is obvious that the
tension put on such adhesions by large refills of
air and coughing, may so damage the lung at the
pulmonary attachment of an adhesion, that tubercle
bacilli may be liberated quite easily into the
pleural space, It was noted in the section on

the anatomy of the pleura that the lymphatic drainage
from the pleural portion of the lung is towards the
pleura. This, too, facilitatesiifection of the
pleural space. Several writers are agreed that the
more acute types of tuberculosis are lieble to be
followed by empyemata should pneumothorax treatment
be attempted. Hayes' (65) patients all suffered
from far advenced disease, and a higher proportion

of those with more recent disease developed empyemata

than/
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. , Table 24,
SUMMARY OF TABLE 23, Group Y. :- 11 patients,

@roup Z. :- 9 patientsg,

- AR Group Y; No. | Group Z; No.
- - of patients, | of patients.
Classification,
Moderately advanced, O, 29
Far Advanced, I, Oe | Ao
Far Advanced. II, 4, 2.
Far Advanced., IIT, O, Oe
Far Advanced, IV, 6. 4,
Far Advanced V. 1, O
Symptom Group. ‘
Group A. o[. O,
Group B, 0. Se
@roup C. 1. 6
Irype of disease.
“Caseo=cavernous, 8. 4.
Fibro-cavernous ‘
with cavitation. 0, e
Fibro-cavernous., 3o 4.
Adheslions, - .
Present 4. 4, Q,
Present + 4o i 9,
Preceeding serous
effusion. 10, O
Attributable to .
operation.. 1. 1.

only/
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Only one patient, Group Y (47. J.B.), had a frank
bronchopleural fistula.

One patient, Group Z (6. A.R), had a
tuberculous empyema later contaminated by Staph.
albus by the operator during aspiration. Eleven
ratients of Group Y and nine patients of Group 2
dewelopeddempyemata, thus giving an inecidence of
40% for fhe fifty patients having effusions. The
incidence of empyemata in the fifty pneumothorax
treated patients of Groups X and Y is 22%, a figure
which is somewhat above the‘average. The incidence

given by a few other workers is shown below.

TABLE __ 25.
Name. Number of Incidence,
patients.

Leaver and Hardawsy (36), 750. 5.8%
Unverricht quoted by Ustvedt
(30). | 2893. 1.1%
Matson, Matson and Bisaillon
(28). 480. 12%
Nalbant (71). 20. 35%
pumarest quoted by Packard,
Hayes and Blanchet (1). 247. 17%
De Cecio and Potter (62), 184, 12%

The/
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The high incidence in the writer's series
is due undoubtedly to the large number of patients
having advanced tuberculosis. It is notable that
of all the patients in Groﬁp Y and of seven of the
nine patients in Group Z who developed empyemate, the
majority fell in the most far advanced groups of Salkin
~and Cadden's classification. In addition, all of
these patients suffered from considerable constitutional
upset on admission to hospital, twelve out of the twenty
having an acute type of the disease. These findings
coincide with the reports given by other workers
previously quoted.

It has been mentioned that most pneumothorax
operators find that empyemata are prone to occur in
ineffective pneumothoraces, This too is the writer's
experience, for all of the twenty’patients developing
empyemata had also adhesions present which were so
large in all but four patients as to make the
pneumothorax only partially effective. In these four
patients the adhesions were cut, one patient rgquiring
two sessions for the operation. On the other handf
the findings of Matson, Matson and Bisaillom (28)
that fifty per cent. of their empyemata occurred in

satisfactory pneumothoraces cannot be ignored.

Doubtless/
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Doubtless, involvement of the visceral Pleura by
recent tuberculous infiltration could account for
this, .Of four patients in Group Y on whom
thoracoscopy was performed, three showed Pleural
tubercles involving the visceral pleura, Of seven
patients in Group Z, three showed pleural tubercles
but no special note was made by the operator in
three of the four remaining patients as to whether
tubercles were present or not, When tubercles were
seen, they were present in considerable numbers,
except in one patient. It may therefore be téken
as proven that in every patient who developed a
tuberculous empyema the pleura was involved by disease
of some duration., This was indicated by the presence
of adhesions. In addition, several patients showed
evidence of recent involvement of the visceral pleura
in the form of visible tubercles.

In every patient except one, Group Y, (22,
A.L.) empyema was preceded by serous effusion., One
' patient, Group Y (47,J.B.), developed a bronchopleural

fistﬁla which was followed by & secondarily infected

empyema. Prior to the development of the fistula, she

had a serous effusion which had shown no tendency to

pecome purulent., Bxcluding patients (22, A.L. and

47, J.B/ |
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47, J.B) of Group Y, 81% of empyemata were preceded
by serous effusiomns, all positive for tubercle bacilli,
Leaver and Hardaway (36) treated two hundred and fifty
patients with an initial serofibrinous exudate and of
these, only 23.6% became purulent, They also found |
that thirty-five patients from a series of seven
hundred and fifty artificial pneumdthoraoes, developed
empyemata. Of these thirty-five only fourteen or 40%
developed from clear fluid in the absence of demonstrable
spontaneous pneumothorax, whereas twenty-one or 60%
were preceded by signs of a spontaneous pneumothorax,
Gdorwitch (64) describes the treatment of twelve patients
with empyemata all of which were preceded by serous
effusions., Packard,Hayes and Blanchet(l) state
ntuberculous empyems almost always is preceded by or
develops from a serous effusion." Alexander (10) notes
that pure tuberculous empyema may occur at any time during
pneumothorax therapy, but that in patients suffering from
acute exudative or pneumonic tuberculosis it may appear
soon after the induction of pneumothorax. In these

patients the fluid is usually purulent from its onset

or becomes so rapidly. Empyemata which occur later in

the treatment are however ususally preceded by serous

effusions. It is to the latter group that practically

all the writer's patients belong.
a serous effusion takes to change

Alexander continues

that the time which
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into pus is variable but that it may occur within
three months, In the writer's series the shortest
time taken for this change was one month and the
longest time was fifteen months., Most patients
developed an empyema three to five months after the
onset of a serous effusion, It would appear that
serous effusions are prone to give rise to empyemata
during the course of prmeumothorax therapy and it is
therefore important to determine whether any
significant differences in the clinical findings are
evident in those patients who developed an empyemﬁ
consequent to a serous effusion, If appreciable
differences were found, it might be possible to modify

the treatment with the object of avoiding the otherwise

inevitable empyema.
A summary of the findings at the onset of

the serous effusion, as derived from Table 10, is

Hnext given for those patients who developed empyemgta
excluding (22, A.L.) end (47,J.B.) of Group Y for

reasons previously explained.
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Large.

Group Y:- 8 patients. Group Z;- 9 patients,
Group Y, Group 7.
No, of patients,|[No., of patients,
Constitutional upset, '
- Present. 7 4,
Absent. 2. 5 .
Fe—— =
Dyspnoesa,
Present, 6 4,
Absgent. 3. 5 :
%:__—_—ﬁ :-t_ﬁ
Pain, '
Present. 7 Se
Absent, 2. 6.
;f—‘ T%‘ =
Cough and spit,
No Ghah&e. Se 6
Increased. 4, S3e
Weight, ‘
Increased, l. o1,
X Fello 50 50
Bed Patient. 3. 3.
No change. 2, 2.
Fover (one unknown).,
Absent. 1. 2,
Mild. 1. 3e
Moderate. 6. 3e
#; Severe. 1. Oe
Blood Pressure., _
No change. 4, unknown,
Fall...mild, 1. unknown,
Fall, ..moderate, Se unknown .
Fall...severe, ‘1. unknown.,
Amount of effusion.
snlall. 1. 1.
_ ﬂoderate. o 8 v 10 60
7o 2,
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A scrutiny of the above table reveals that
the respective positive and negative findings for the
two groups tend to cancel out each other. In Group Y
Symptoms and signs were more pronounced than in Group
Z and a majority of the patients in the first group had
large effusions. It was rare for a small effusion to
give rise to'an empyema, Fever was usually present
and tended to be marked in most patients. The clinical
findings which were in Group Y patients closely
observed during the course of the serous effusion:,
indicated only in two patients (36, D.M.) and (43,J.B.)
an unfavourable change. Their condition progressively
deteriorated, their temperature and pulse charts being
unsatisfactory. Both however had bilateral disease.

It was thought that the cytological and
bacteriological examinations of the serous effusions
themselves, might be of more value in determining
which of them would become purulent, In the following
table the neutrophil percentage is considered for the
two groups.

A:- serous effusions not becoming empyemata.
B:- serous effusions becoming empyemata.
The results of direct smear examination for tubercle

bacilli are also given. It should be noted that the

results given here refer to the first examination of

the fluid only and (22, A.L.) and (47, J.B.) of

Group/



Group Y are again omitted from the empyems. group

IABLE 27, GROUP Y.

Grouwp X. Group B.
No. of patients, 14, 9
utrophil percentage

O - 25‘ 55 2'
25 - 50, 7. 4.
5 - 75, 1. 1.
75 - 100. 1_* 2.
Tubercie bacilii

Absent. 7. 2.
+ 4, 3.
+ ¢ 2. 2.
+ ¢ ¢ o 2.

* This was a late specimen but the first obtained

by the writer.

It is evident from Table 27 that a greater
number of patients whose fluid did not become purulent
had a low neutrophil count in the first specimen of fluld

to be examined.

In only two patients did the neutrophil

percentage rise in the subsequent fluids obtained.

the empyema group,

having an increased neutrophil percentage in the first

specimen/

there were relatively more patients
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specimen of fluid examined, and in all patienis of
this group, the neutrophil percentage rose on subsequent
examination of the fluid. In general, the neutrophils
increased as the fluid became turbid, reaching their
maximum when it was frankly purulent. |
Tubercle bacilli were detected in 77.7%
of serous effusions later becoming purulent, and iﬁ 50%
of seroﬁs effusions not so doing, on the first
examination. Both patients of Group B whose fluid was
negative on the first examination, later showed tubercle
bacilli in the fluid, whereas two of seven patients of
Group A with the initial examination negative for tubercle
baecilli, did not later develop'a tubercle positive effusion.
Tubeicle bacilli tended to increase in number on direct
smear examination as the serous effusion became turbid,
but in effusions remaining serous they increased in number
'only to a small extent. In & feW'patients subsequent
direct smear examinations were negative in the serous
effusion group. Of the patients in Group 2 who.
developed empyemata, all that can be said is that as
these patients were usually selected at random, the
time interval between the onset of an effusion and

the specimen exemined by the writer was variable, thus

producing jnconsistent results. However, 1t may be

noted that all direct smears, except two, showed

tubercle/
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tubercle bacilli in this group of nine ratients
developing empyemata. These two negative fluids
were positive by guinea-pig inoculation although
not by culture, and it should be noted that one was
aspirated six days after the onset of the effusion
and the other at twenty-one days. It was the writer's
experience that tubercle . bacilli were sometimes
extremely difficult to find in specimens of pleural
fluid taken immediately after its appearance, In
four of the nine specimens of group B, tubercle
bacilli were numerous on direct smear examination.

It would seem that repeated examination
of the effusion to discover its macroscopic appearance,
the nature of the predominating cells and the number
of tubercle bacilli, will offer the best means of
assessing whether an empyema will follow from a serous
effusion. This procedure involves practically no risk
to the patient, consumes comparatively little time
compéred with that occupied by clinical examinations
and serial blood counts,and is certainly the most
precise method of assessing the nature of the effusion.
In several patients the treatment can be promptly
modified at the turbid stage to try and avoid the

dreaded complication developing. Packard, Hayes and

Blanchet (1) found that in thirty-two patients with

mild/
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mild empyemata, the transition to pus was not recognised
clinically in twenty-eight. As will be seen in a
subsequent section, the blood picture was of no
assistanee in determining this change in the writer's
series,

No adequate account hgs yet been given of
the patienﬁ, Group Y (22,A.L.), whose empyems was not
preceded by a serous effusion. She belonged to Group
II C, and the type of her disease was caseo-cavernous.,
She had adhesions in her pneumothorax which was
abandonéd four months after the induction., An
empyema appéared two months and ten days after induction
of pneumothorax, and in the five week period preceding
it, her temperature had been persistenily abﬁormal and
her pulse rapid, Thevtemperature was remittent and
intermittent in character and frequently reached 101°F.
During this period, however, a contralateral dry
pleurisy followed by & smell effusion had occurred.

The patient looked extremely unwell and it was possible
that the markedly sbnormal temperature and pulse chart

. findings were due to progression of the pulmonary disease.
Rather remarkedly, she made no complaint of pain on

the side on which the empyema appeared. The presence

of an effusion on the pneumothorax side was detected

by clinical examination and aspiration revealed it to

be/
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be purulent. . Fortunately its amount was small and so
remained, The pleural space finally obliterated, and
the patient was ultimately discharged in fair condition
having chronic fibro-cavernous tuberculosis. It is
felt that her empyema can be included with those
developing from serous effusions under Group I of
Packard, Hayes and Blanchet's (1) classification.
Patient, Group Y (47, J.B.), who developed an empyemea
following a bronchopleural fistula belongs to Group
IV of this classification which is as follows:-

Group I. Mild or bemign type.

Group II. Severe empyemata due to the tubercle
bacillus alone.

Group III. Severe type secondarily infected at
Group 1IV. gﬁggfént effusions which originate
from a bromchopleural fistula.

The findings presented up to this point
indicate that empyemats occurring during artificial
pneumothorax therapy are prone to develop in patients
suffering from advanced and acute pulmonary tuberculosis,
‘whose pneumothoraces sre often ineffective, and whose
pleural space has been invaded by tubercle bacilli,
which in most instances give rise to a serous effusion
first. These basic conditions may be supplemented by

other factors which in patients with less advanced

disease/
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disease and more efféctive pneumothoraces would not give
rise to this unfortunate complication. Among such
factors, Leaver and Hardaway (36) mention the
indiscriminate use of positive intrapleural pressures
which may produce rupture of large adhesions or exert
an irritant effect on the pleura, intrapleural surgery,
the use of oil for purposes of compression, pleuro-
cutaneous fistulae following the aspiration of a
hydrothorax, errors of aseptic technique, neglected
hydrothoraces and the sudden cessation of pneumothorax
treatment in patients having a considerable degree of
collapse of the lung. Packard, Hayes and Blanchet (1)
mention that & serous effusion may become purulent
during & cold or any septic infection. 1In this series,
the only factoré among those mentioned above which
might have been of importance,are the use of positive
intrapleural pressures, the cutting of adhesions and
the occurrence.of intercurrent infections.

On examining the records of the manometer
readings recorded at each refill, the writer finds
that in Group Y, nine of the eleven patients who
developed emgyemata had markedly positive pressures
used pefore their empyemate appeared. The remaining
two patients had their pneumothoraces abandoned following

the development of & serous effusion and no further

readings/
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readings werg taken of the intrapleural pressures.

In Group Z six of nine patients had positive
intrapleural pressures employed before purulent fluid
appeared. One (12, I.M.) of the remaining three had
usually negative intrapleural pressures after refills.
His collection of purulent fluid however was extremely
small. The other two patients (2, M.B.) and (22, S.S.),
had their pneumothoraces abandoned after a serous
effusion appeared. The influence of thoracoscopy and
adhesion section on the development of pleural effusions
hag been considered in a previous section. To complete
that section, empyemata which followed operation were
considered there, It will be recalled that there was
no uniformity of opinion as to what time limit should
be set for the deveiopment of empyemata which might be
attributable to operation. In the writer's series, the
shortest‘period was five weeks after operation, and

the longest interval recorded was seven months, One
patient, Group 2, (22,S.S.), in whom no adhesions were
cut, developed an empyema SixX weeks after thoracoscopy.
The surgeon who performed all those-thoracoscopiq
examinations was definitely of the opinion thgt his
intervention was not solely responsible for empyema

formation in any patient, but that the pleural state

was/
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was the causal factor,

In five patients of the eleven in Grou§
Y in whom empyemata appeared, a common cold preceded
the change in the Pleural effusion of each patient.
No organisms other than tubercle bacilli were present
“in the purulent fluid aspirated,and the influence,
if any, of the intercurrent infection would possibly
be exerted by a diminution in the general resistance
of the patient.

It would appear that positive intrapleural
pressures and intercurrent infections may have had
some influence on the development of empyemata in
this series of patients., It is well known that positive
intrapleural pressures often occur when refills of air
are given to a patient with a hydropneumothorax.
Therefore, the writer feels -that positive intrapleural
pressures are, in most instances, a result of the
_physical conditions present within the thorax and
that they cannot definitely be incriminated as an
important cause of empyemata., In patients having
large adhesibns, positive intrapleural pressures may
produce a harmful degree- of tension on the lung cortex,
but it is difficult to tell why patients with
satisfactory pneumothoraces should develop. empyemata

because of the use of positive pressures; - Four

patients/
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‘patients in the writer's series belonged to the
latter category, Group Y (15, E.W., 23, M.B.,

39, M.F., 43, J.B.). All the evidence presented
therefore leads back to the basic factors mentioned
previous;y as the main causes of empyemata occurring
during artificial pneumo thorax therapy. There is
one peculiarly individual factor whose influence

is unpredictable. That factor is allergy. It may
well be the reason why some serous effusions become
purulent while others remain serous and sometimes
disappear quite unaccountably while still in that
state., Packard, Hayes and Blanchet (1) state that
"a silent pyothorax is perhaps due to the seepage of
tubercle bacilli from a subpleural focus into the
pleural cavity. Probably the plemrae have been
rendered very allérgic by previous mild infections and
~a purulent effusion results." This statement is
probably correct, but it essentislly depends on the
fact that an artificial space has been created by
the physician and that to a major extent the future
happenings within that space are without his control.
In dealing with the causes of empyemata unconnected
with artificial pneumothorax, Price (72) notes that
occasionally the pus aspirated is sterile, When

due to the
this is so, the empyema is sgenera,lly ue

tubercle/
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tubercle bacillus or to pneumococci which have died
out. This indicates then, that tuberculous empyemata

are rare apart from artificial pneumothorax.

Conclusions.

1. Tuberculous empyema is due to the peculiar
conditions created by artificial pneumothorax.

2. It is most frequent in patients suffering

from advanced and acute pulmonary tuberculosis and

who consequently often have only partially effective
pneumo thoraces,

3 It could be avoided by a better selection

of patients for pneumothorax therapy or by the prompt
cessation of refills in patients with ineffective
pneumothoraces. |

4, Repeated aspiration of serous effusions is the
‘only sure method of detecting empyemata which sométimes
follow them. ‘

5 In view of tke above‘findings, it is probably
advisable that any patient treated by artificial
pnevmothorax who develops an empyema, should have the
pneumo thorax ebandoned immediately and that steps should

be taken to procure rspid closure of the intrapleural

space.
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THE INVESTIGATION OF THE  BLOOD,

The Erythrocyte Sedimentation Rate,

A great volume of work has been done in the

present century on the behaviour of sedimenting blood, but
it must not be forgotten that the ancients had noted the
sinking of red cells of drawn blood, leaving above a
buff-coloured layer which they termed the "cruéta
sanguinis" or '"buffy coat," (73), Fehrreus (74) in
1921, gave an historical review of blood sedimentation

in a paper dealing also with the results of his own
research work. Among the workers whom he mentiqns are
Sydenham, who noted that in acute diseases such as pleurisy
or rheumatic fever two common and constant features were
fever and the presence of buffy coat in drawp blood;
Hewson, who showed that the formation of buffy coat was
due to some change in the blood plasma, as the corpuscles
of the patients showing a considersble buffy coat qank
with the same velocity as those of normal people when
suspended in the same medium; Scudamore, who in 1826
reported that the fibrin content of ‘bﬁffy blood was increased;
Nasse, who noted that although red cells sink more slowly
in defibrinated than in fresh blood, they nevertheless
gink more rapidly in defibrinated buffy blood than in
defibrinated normal blood, thus amplifying Scudamore's
observations: Pfeiffer, who in 1897 showed that

increased sedimentation of red cells/
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cells did hot depend on differences in specific gravity
between plasma and cells, and that reduced viscosity
could not be inferred from an increased rate of sinking.
It had also been observed by Blundell in 1828, that in
pregnant women the blood showed the presence of buffy
coat. [Fahraeus (74) smplified this observation in
Pregnant women and he endeasvoured to detect pregnancy by
_ means of the erythrocyte sedimentation rate. Rest (75)
states that Fahraeus was unaware that Biernacki had
reported in 1897, sedimentation tests done on 75 patients,
and that his results had been confirmed by Muller and
Marcano in 1898 and in 1901 respectively. In 1920,
Westergren (76) described his method of performing

this test and gave a review of his experience in its
application to patients suffering from pulmonary
tuberculosis, Varioﬁs workers have, since that time,
modified the methods used in the performance of
erythrocyte sedimentation tests, the most outstanding
being Linzenmeir, 1925, (77), Cutler, 1929, (78),

and Wintrobe, 1933, (79). In 1939, Day (80)

suggested expressing the result by the calculation of

a "sedimentin index," this being the logarithm of the

maximum velocity of sedimentation expressed in

millimetres per 100 minutes. A multitude of workers

of all nationalities have contributed, during the

present/















































































































































































































